Clemson University

TigerPrints
All Dissertations

Dissertations

August 2017

Sustainable Solar Energy Development in Thailand
Kitiluk Thanomboonchai
Clemson University, tthanom@g.clemson.edu

Follow this and additional works at: https://tigerprints.clemson.edu/all_dissertations
Recommended Citation
Thanomboonchai, Kitiluk, "Sustainable Solar Energy Development in Thailand" (2017). All Dissertations. 2322.
https://tigerprints.clemson.edu/all_dissertations/2322

This Dissertation is brought to you for free and open access by the Dissertations at TigerPrints. It has been accepted for inclusion in All Dissertations by
an authorized administrator of TigerPrints. For more information, please contact kokeefe@clemson.edu.

SUSTAINABLE SOLAR ENERGY DEVELOPMENT IN THAILAND
A Thesis
Presented to
the Graduate School of
Clemson University
In Partial Fulfillment
of the Requirements for the Degree
Doctor of Philosophy
Civil Engineering
by
Kitiluk Thanomboonchai
August 2017
Accepted by:
Dr. Amy E. Landis, Committee Chair
Dr. Michael Carbajales-Dale
Dr. Claire L. A. Dancz
Dr. Jeffery M. Plumblee

ABSTRACT
Energy independence and energy security have become important topics for
Thailand. Thailand depends on natural gas as the primary fuel for electricity generation
while Thailand’s Ministry of Energy projected the depletion of available natural gas by
2032. As such, the Thai government established The Alternative Energy Development
Plan (AEDP), which set a goal of producing approximately 20% of electricity by 2036
from renewable sources; 6,000 MW of which would come from solar power.
This thesis aims to provide guidance on policy and solar siting issues that will aid
Thailand in achieving their solar energy goals. There are four objectives of this
dissertation. First, abandoned lands were evaluated for their potential to develop solar to
meet Thailand’s electricity demands of 326,199 GWh, expected by the year 2036, based
on Power Development Plan 2015. The results indicated that the abandoned area (3.9
billion m2) was enough to install solar plants to generate sufficient energy.
Second, concentrated solar power (CSP) and photovoltaic (PV) were compared to
determine which technology is the best for Thailand. Comparison showed that PV
technology was more suitable for Thailand than CSP technology. Then, such result would
be applied to evaluate geographically suitable ground-mounted solar power locations in
Thailand by using ArcGIS based on PV technology. The results showed that the south,
north, central and northeast regions, respectively in descending order, were found to be
suitable to develop ground-mounted solar PV. Furthermore, the results showed that there
is a possibility of achievement of AEDP target (6,000 MW) in 2036 when combined with
the existing capacity.
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Lastly, buffer distances were evaluated in order to protect three main conservation
lands: national parks, national forests and water sources from solar energy development
by using GIS. Over one thousand different cases were created to evaluate different
options for buffers for various solar installations. Only 35 out of 1,331 cases met the
criteria determined by this study. The most promising scenario included a buffer of 900m
for national parks, 900 m for national forests, and 600 m for water sources. The total
installable solar area for the most promising scenario was 96,830,100 m2.
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CHAPTER 1
INTRODUCTION
Motivation and Rationale
Thailand depends on natural gas as the primary fuel for electricity generation.
Natural gas imports from overseas have increased in the past several years (Department
of Alternative Energy Development and Efficiency, 2015b). Thailand’s Ministry of
Energy has projected the depletion of available natural gas (22.87 trillion cubic feet based
on the data of 2011) by 2032 (Energy Policy and Planning Office, 2011). Thailand has
the high potential of solar energy development due to its location between the latitudes of
23.5° N and 23.5° S which have higher solar energy potential than outside the range of
these latitudes (NASA, n.d.). Thai government heavily promotes the solar energy
development because it not only resolves the energy crisis from the rapid decline of fossil
resources, but also reduces the fossil fuel import and supports the sustainable energy
development in Thailand. Thailand increased the installed solar power capacity in the
year of 2016 by 51% compared with the year of 2015 (Department of Alternative Energy
Development and Efficiency, 2015d; Department of Alternative Energy Development
and Efficiency, n.d.c). Despite this recent increase, the implementation of developing
solar energy is still confronted with barriers related to site selection.
The site selection issue can be separated out for two sectors: the solar energy
investor sector and the Thai government sector. The most important issue for solar energy
investors is to find out a suitable location for the solar investment. The suitable location
should meet both the capacity to generate electricity and the possibility to development
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the power plant following regulations. This is the important key for solar energy investors
helping to boost up the solar energy development in Thailand. In Thai government sector,
the vagueness and complexity of regulations (especially those related to site selection)
has become a key barrier for solar energy development, according to a stakeholder survey
conducted by the Department of Alternative Energy Development and Efficiency
(DEDE) (Tongsopit, S. Chaitusaney, S. Limmanee, A. Kittner, N. Hoontrakul, P., 2015).
The solar energy site selection criteria is only mentioned in the Code of Practice (CoP)
provided by Energy Regulatory Commission (ERC) due to the absence of the renewable
energy act. Currently, when siting solar installations, one must follow the regulations of
other governmental organizations such as Building Control Act, B.E 2522 (1979) of
Ministry of Interior and Factory Act, B.E 2535 (1992) of Ministry of Industry (Energy
Regulatory Commission, 2014).
Ideally, siting of solar power plants would not compete with productive uses of
the land, would not cause unnecessary environmental or social harm to the site or its
surrounds, and would result in installations that meet the electricity demands of Thailand.
As such, site selection must also protect conservation lands. Improper siting can invade
and disturb ecological systems and impact biological diversity; research shows that the
most important issues of solar development are the ecological system and nature
conservation concerns rather than emission pollution concerns (Jones, Comfort, &
Hillier, 2014). One way to achieve sustainable siting for Thai solar power is to utilize
abandoned lands and evaluate the effectiveness of buffers to protect conservation.
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Research Objectives
Geographic information system (GIS) was used throughout the research to both
evaluate and designate the appropriate geographic locations for ground-mounted solar
power plants. There are four objectives for this dissertation. Firstly, abandoned lands
were evaluated for their potential to meet future electricity demands. Secondly, the two
major forms of solar: concentrated solar power (CSP) and photovoltaic (PV), were
compared to determine which technology is the best path forward for Thailand. Third,
suitable locations were further evaluated with a focus on siting considerations. The third
objective further explored the possibility of replacing all the fossil energy by renewable
energy (especially PV) and the area available to develop solar PV plants. And lastly
buffer distances were evaluated to protect conservation lands. The last objective of this
dissertation presents a new methodology to calculate the suitable buffer distance for
sensitive and protected conservation areas in Thailand; previous methods in the ArcGIS
toolkit were computational expensive. Solar energy policy was also evaluated and
recommendations made.
The research for this dissertation was guided by following research questions:
1. What is the current energy situation in Thailand? Does solar have the potential
for development?
2. There are two leading solar power technologies for solar ground-mounted
solar power development. Which solar technology (CSP or PV) is suitable for
Thailand?
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3. What economic and environmental factors should be considered when
choosing between these two technologies?
4. How can the calculation and evaluation of buffer distances be improved using
tools like ArcGIS?
5. What is the appropriate buffer distance to maximize solar farm energy output
while minimizing impact to conservation areas?

Organization of the Thesis
The chapters of this dissertation has been organized to submit to journals. Each
manuscript addresses the aforementioned research questions summarized in Table 1.1.
Chapter 2 discusses the current energy situation and possibility of solar energy
development in Thailand. This chapter explores the energy balance of Thailand which is
expected to enable track the current energy situation of Thailand to study possibility of
development. Chapter 3 focuses on evaluating appropriate technologies and locations for
ground-mounted solar. The first step of this chapter was to evaluate the appropriate
technologies for Thailand between solar PV technology and concentrated solar power
technology. After suitable technology was decided, GIS was used to designate the
appropriate geographic locations. Chapter 4 evaluates the suitable buffer distance of
protected conservative areas for ground-mounted solar PV development in Thailand by
using GIS. This chapter is expected to be a guideline for solar energy development in
Thailand as Thailand does not have established regulation for buffer distance for the
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sensitive and protected conservative areas. Finally, the chapter 5 is the conclusion chapter
which presents the recommendation and future work.

Chapter 5

Chapter 4

Chapter 3

Chapter 2

Chapter 1

Table 1.1: Summary of Dissertation Organization.

★

★

Conclusions

★

RQ5

RQ3

★

RQ4

RQ2

The Current Energy Situation and possibility of
Solar Energy Development in Thailand
Evaluating Appropriate Technologies and
Locations for Ground-Mounted Solar Power in
Thailand
Evaluating the suitable buffer distance of
protected conservative areas for ground-mounted
solar PV development in Thailand by using GIS

RQ1

Literature
Review

Papers

★

Background
The total energy demand of the world has a continuously increasing trend and it
has been projected with average annual percent change of 1.4 from 2012 to 2040 (U.S.
Energy Information Administration, 2016). Conventional fuel consumption to generate
energy still share about 80 percent of total energy consumption in the world (The World
Bank, 2014). Although fossil fuel is the primary source of energy in the world, there has
been effort to reduce the use of fossil fuel for energy production due to limited resources,
fluctuating market price and high environmental impacts. Using renewable resources to
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generate energy plays an important role in the current context. Renewable energy (e.g.,
wind, hydro-power, geothermal heat, solar energy) is obtained from natural sources
which have an abundant quantity to endlessly use for energy production. Furthermore,
renewable energy is the cleanest form of energy and its production has lower
environment impact than fossil fuel energy production. The need to reduce environmental
emissions and to improve security of energy consumption has increased the necessity of
renewable energy development in several countries. Renewable energy will play an
important role by sharing about 18.8 percent of total energy consumption in the world
(World Bank, 2014). Solar energy is one of the desirable renewable energy sources and
has the highest growth rate from the year 2010 to 2015 considering the total capacity
coming from both photovoltaic and concentrated solar technology (Renewable Energy
Policy Network for the 21st Century, 2016).

Status of Energy and Power in Thailand
Highest primary energy production of Thailand is from natural gas (Department
of Alternative Energy Development and Efficiency, 2015b). Although the natural gas is
produced in Thailand to generate electricity, it is still not sufficient for the domestic
electricity use and Thailand has to import the electricity (Energy Policy and Planning
Office, 2017b). Furthermore, the electricity consumption in Thailand for the four years
increased continuously from 161,750 GWh to 181,377 GWh (from 2012 to 2015)
(Department of Alternative Energy Development and Efficiency, 2015b) due to rapidly
economic growth. Apart from higher electricity demand, Thailand is confronting an
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electricity crisis due the anticipated depletion of available natural gas by 2032 (Energy
Policy and Planning Office, 2011). Therefore, there is the high possibility of energy
deficiency in Thailand.
To cope up with the current electricity crisis, the Thai government has put the
effort to find solutions by increasing the power plants constructions and use different
types of fossil fuels other than the natural gas to generate power. However, local
communities seem reluctant to accept this solution. Owing this, several power plant
projects that use coal to generate electricity are closed. For example, Bonok-Hin Krud
power plant should be closed because of the huge environmental impact and economic
concern. People in this Prachuap Khiri Khan province did not accept the presence of
Bonok –Hin Krud power plant in their community (Department of Alternative Energy
Development and Efficiency, 2009). Krabi power plant at Krabi Province is another
example of a coal-fired power plant being denied by the community for the same reason
(Bangkok Post, 2016). In the meantime, renewable energy development to generate
electricity has good feedback from both commercial and residential sectors in Thailand
because of less environmental impact and abundantly available source. The renewable
energy development in Thailand is growing rapidly, which is also mentioned in the topic
of energy policy in Thailand called “Alternative Energy Development Plan: AEDP.

Solar Energy Policy in Thailand
The Ministry of Energy of Thailand formulated a Thailand Power Development
Plan 2015-2036 (PDP2015) to respond to the economic situations changing rapidly and

7

support the accession to ASEAN Economic Community (AEC). The PDP2015 consists
of 5 integrated master plans covering both energy and power policies and plans as
follows: (1) The power development plan (PDP) (2) The Energy Efficiency Development
Plan (EEDP) (3) The Alternative Energy Development Plan (AEDP) (4) Natural Gas
Supply and (5) Petroleum Management Plan (Energy Policy and Planning Office, 2015).
Chapter 2 goes into further detail of each of the policies. AEDP is focused on using the
renewable energy instead of using the conventional fuel such as natural gas and coal fuel
to generate electricity. Around 20 percent of the electricity production in 2036 would be
generated by renewable sources according to AEDP goal. The installed capacity of solar
power development estimated by the end of 2036 is expected to be 6,000 MW
(Department of Alternative Energy Development and Efficiency, 2015a).

Status of Solar Energy in Thailand
Thailand is located in the southeastern region of Asia. There are four regions
classified by the administrative division of the Provinces of Thailand: North, Northeast,
Central and South as shown in Figure 1.1. The total area of Thailand is approximately
514,000 square kilometers. Since, Thailand receives sunlight throughout the year,
because it is close to the equator; this country has strong solar irradiation and a high solar
energy potential. Most areas of Thailand receive the highest solar irradiation
(approximately 5.5-6.4 kWh/m2-day) from April through May; meanwhile, the average
solar irradiation for Thailand is 5.0 kWh/m2-day (Department of Alternative Energy
Development and Efficiency, n.d.b).
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Higher solar irradiation generates
higher electricity. The average solar
irradiation value for Thailand is a good
level

for

solar

energy

development

(Arnette & Zobel, 2011). There is a high
potential for developing solar power as a
renewable energy resource. It is worth
stating that Thailand has high solar energy
potential when comparing with several
neighboring countries (Asian Development
Bank, 2015). The growth of solar energy
development in Thailand has continuously
Figure 1.1 Map of Thailand

increased, especially in the year of 2016,

in which the installed capacity increased by 51% compared with the year of 2015
(Department of Alternative Energy Development and Efficiency, 2015d; Department of
Alternative Energy Development and Efficiency, n.d.c). This is also the highest growth
rate compared with other renewable resources used to generate electricity.
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Commercial Solar Installation in Thailand
There are two leading solar power technologies for ground-mounted solar: solar
photovoltaic (PV) and concentrated solar power (CSP). PV solar technology uses
photovoltaic solar panels containing a photovoltaic material to convert the solar radiation
into electricity (Global Energy Network Institute, 2011). Meanwhile, CSP technology
indirectly generates electrical power using thermal energy from the sun to drive the
electrical turbines (Department of Alternative Energy Development and Efficiency,
n.d.b). Direct normal irradiance (DNI) is an important factor applied to decide the
suitability between CSP and PV. The power generation from CSP become economical
only at irradiation values greater than 1800 kWh/m2-year (Bijarniya, Sudhakar, &
Baredar, 2016) but the annual average irradiation of Thailand is approximately 1,1001,450 kWh/m2-year (Department of Alternative Energy Development and Efficiency,
n.d.b). Therefore, PV technology was preferred over CSP for this study.
Scale of implementation is identified as a factor in solar energy utilization. Scale
of implementation does not significantly affect PV technology, but CSP needs a larger
scale for development (suitable for 10 megawatt and more) (Global Energy Network
Institute, 2011). The solar PV technology is recommended for the small-scale installation
on any surface such as buildings and rooftops. The large scale are suitable for utility and
commercial scale; while the small scale installed on the buildings and rooftops are
suitable for residential utilization. Energy productions of the small scale installations are
lower than the large scale using the same solar PV technology due to the limitation of
area and the effect of shadings. The study of Asian Development Bank (ADB) suggests
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the installable capacity per area required equal to 0.06 kWp/m2 (Asian Development
Bank, 2015) which indicates that higher area used for solar panel installations produce
higher energy. ADB’s study was focused on Southeast Asian region based on PV. Thus,
the rooftops and buildings have the energy production less than the ground-mounted
solar. The effect of shading is another factor which provide the different energy
productions for both scales. The shading impact occurs from several causes such as dusts
and the shading from trees. Most solar PV modules on the rooftops and buildings are
located in the urban areas which have to confront with the dust problems. There are few
studies focusing on the shading influence on solar PV energy production installed on the
buildings (Karlsen, Heiselberg, Bryn, & Johra, 2016) and the urban area (Rachchh,
Kumar, & Tripathi, 2016) due to the negative impact of solar energy production. Even
though rooftop solar are preferred for residential use, appropriate areas for groundmounted solar PV development are open and barren areas such as deserts and semideserts and abandoned area unable for cultivations and residents (World Bank Group,
2015). Therefore, the shading impact of ground-mounted solar PV power development in
the utility and commercial scales is less than small scale development. However, the
ecological system and natural conservative concern are the most important issues to
consider for solar farm development (Jones et al., 2014) when comparing abandoned
areas versus rooftop installations.
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Geographic Information System (GIS)
Geographic information system (GIS) is widely used for renewable site selection,
especially wind and solar energy. Aydin et al. used GIS model to evaluate the site
selection for solar, wind, and hybrid wind solar–PV system in Western Turkey and
concluded that hybrid wind solar-PV development can provide more benefit than single
renewable system based in terms of energy and cost (Aydin, Kentel, & Sebnem Duzgun,
2013). Watson et al. also used analysis tool from GIS model to evaluate the area suitable
for wind and solar farm development. Watson classified the total area into four classes:
not suitable, least suitable, moderately suitable, and most suitable area for development
(Watson & Hudson, 2015). Beside these, there are several other studies on the use of GIS
model to evaluate renewable energy site selection especially solar farm development
(Brewer, Ames, Solan, Lee, & Carlisle, 2015; Uyan, 2013) and wind farm development
(Latinopoulos & Kechagia, 2015; Noorollahi, Yousefi, & Mohammadi, 2016).

Sustainability Consideration
Sustainable renewable energy is developed to reduce the conventional
dependence on fossil fuel and to increase the energy security while maintaining the
environment. The integrated system of wave energy source and off-shore photovoltaic
system was presented as an alternative to develop the sustainable renewable energy in the
Mediterranean Sea (Franzitta, V., Curto, D., & Rao, D. 2016). Meanwhile, solar powered
base station was not only implemented to reduce the energy consumption in the mobile
cellular network industry but also to decease CO2 footprints from cellular network
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(Alsharif, M. H. 2017). Nigeria studied sustainable energy development by increasing the
biomass productions, solar PV installation, and thermal systems in single-systems and
integrated systems to reduce the climate change issues (Adewale Giwa, Adetunji Alabi
,Ahmed Yusui, 2016).
This dissertation aimed to address sustainable solar energy development covering
the three pillars; social, environment, and economics. Thailand is confronted with the
lack of electricity due to the insufficiency of Myanmar power generation supply
(Thansettakij, 2016c) and the southern Thailand is often met with outages (Thairath,
2016). Solar energy is initially developed to supply electricity to Thai people to solve the
lack of electricity, especially in remote areas. In addition, policies and guidelines can help
protect ecological system and biological diversity from solar energy development.
Finally, decreasing the dependency on conventional fuels and increasing the energy
security by implementing renewable energy can improve national security, the cost of
electricity and enable energy independence.
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CHAPTER 2
SOLAR ENERGY POLICY AND PLANNING IN THAILAND
Introduction
In 2015, Thailand had an energy consumption of approximately 3,260,700,000 GJ
(913,545 GWh), which increased by 2.7% compared to the year of 2014 (Department of
Alternative Energy Development and Efficiency, 2015b). The energy consumption per
capita is around 72 GJ (0.02 GWh) in 2015 (International Atomic Energy Agency, 2016).
The primary energy consumption is classified into 8 economic sectors as follows:
agriculture, mine, manufacture, construction, resident, commerce, transportation, and
electricity. The three economic sectors with the highest primary energy consumption in
Thailand are electricity generation, transportation and manufacturing with consumption
percentages of 38, 29, and 22, respectively. Figure 2.1 shows Thailand’s primary energy
consumption sorted by economic sector in 2015 (Department of Alternative Energy
Development and Efficiency, 2015b).
0.02%

3.87%
21.34%

37.33%

0.12%

8.09%
28.60%
0.62%

Agricultural sector
Manufacturing sector
Residential sector
Transportation sector

Mining sector
Construction sector
Commercial sector
Electric power

Figure 2.1: Thailand Primary Energy Consumption by Economic Sector in 2015
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When considering the types of fuels consumed in each economic sector, natural
gas, petroleum and renewable energy were the main fuels used in the three sectors with
the highest primary energy consumption. Meanwhile, the residential sector consumed the
most traditional renewable energy. Traditional renewable energies include fuel wood,
charcoal, paddy husk, and agricultural waste. Figure 2.2 shows the proportions of
Thailand’s primary energy consumption by source in 2015 (Department of Alternative
Energy Development and Efficiency, 2015b). Two main sources of primary energy
production, natural gas and crude oil, were explored in the gulf of Thailand (Energy
Policy and Planning Office, 2017a). The most important and biggest source of lignite in
Thailand was at Lampang province. This province was also the location of the highest
production capacity coal power plant (2,180 MW) in Thailand named Mae Moh coalfired power plant. The administration and management of the Mae Moh power plant is
under the responsibility of Electricity Generating Authority of Thailand (EGAT). EGAT
is a state enterprise belonging to the Ministry of Energy. The main duty of EGAT is to
supply electricity for people by producing and selling to the Metropolitan Electricity
Authority and the Provincial Electricity Authority for distribution.
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Figure 2.2: Thailand Primary Energy Consumption by Source in 2015
In the year 2015, Thailand produced a primary energy total of 3,175,000,000 GJ;
meanwhile primary energy imports and export totaled about 2,899,000,000 and
501,000,000 GJ (Department of Alternative Energy Development and Efficiency, 2015b).
Thailand has the highest potential for natural gas production, but still has some natural
gas imports. Additionally, crude oil became the primary energy imported in the highest
quantities to produce petroleum for exports in the highest quantities. Furthermore,
Thailand also imported and exported electrical energy that totaled 43,750,000 and
8,080,000 GJ, respectively. The primary energy imports were almost equal to the
domestic primary energy production. The primary energy types required for import were
consumed as energy in important infrastructures of Thailand such as the use of imported
crude oil to produce petroleum products to support the transportation sector, and the use
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of coal and natural gas to fuel electricity generation. This situation can be summed up by
acknowledging that Thailand still has uncertain energy security due to its energy
dependency on various imports.

Energy Policy in Thailand
Ministry of Energy of Thailand has put forth efforts to formulate a Thailand
Power Development Plan 2015-2036 (PDP2015) to respond to the rapidly changing
economic situation and to support the accession to ASEAN Economic Community (AEC)
(Energy Policy and Planning Office, 2015). The PDP2015 is comprised of 5 integration
master plans, covering both energy and power policies. The approval of these master
plans has been focused on energy security, economy and ecology. The energy security
aims to reduce the risk of using one particular fuel to generate electricity by increasing
fuel diversification. Meanwhile, the economy strives to maintain a balance between the
cost of power generation and efficient energy consumption. Currently, environmental and
social impacts have been raised as important issues to consider for energy and power
development. So the reduction of emission pollution caused by power generation is also
considered in the master plans of PDP2015.
Power Development Plan (PDP): The power capacity forecast was considered
together with the Energy Efficiency Development Plan (EEDP) and Alternative Energy
Development Plan (AEDP). The total power capacity of Thailand was predicted to be
70,335 MW by the end of 2036. This is the total power capacity evaluated by the
integration of the existing capacity (37,612 MW as of December 2014), the new capacity
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(57,459 MW evaluated from 2015-2036) and the retired capacity (24,736 MW evaluated
from 2015-2036). The proportion of fuel requirement for power generation estimated for
the year 2036 would be 15-20% from hydro purchased from neighboring countries, 2025% coal energy, 15-20% renewable energy, 30-40% natural gas and 5% nuclear (Energy
Policy and Planning Office, 2015). The power plant construction plans to support the
increasing power demand were projected in southern, central and metropolitan area of
Thailand. The transmission system development plans in aspects of maintenance,
renovation, and installation include a smart grid system development that has been
contained in PDP.
Energy Efficiency Development Plan (EEDP): There were two major objectives
of EEDP. Firstly, to reduce energy intensity by 30 percent by the end of 2036 and
secondly energy conservation plan which includes the action plans to achieve the
aforementioned goal. The net energy intensity reduction was estimated for 2,164,575,600
GJ. To fulfill the EEDP target, electricity saving of 15 percent or 319,913,388 GJ (89,672
GWh) and thermal energy savings of 85 percent or 1,844,662,212 GJ should be achieved.
The guidelines were represented in the EEDP to support the energy conservation plans
such as building public awareness on energy conservation, promoting the use of energy
saving appliances by tax and monetary incentives (e.g. low interest loans), and providing
the Energy Efficiency Resources Standard (EERS) to increase the quality competition in
power producers and distributors (Energy Policy and Planning Office, 2015).
Alternative Energy Development Plan (AEDP): This plan is focused on using
renewable energy instead of conventional fuel such as natural gas and coal to generate
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electricity. AEDP targets to produce approximately 20 percent of the electricity by 2036
from renewable sources. The proposed installed renewable energy estimated by the end
of 2036 for AEDP would as follows: solar power of 6,000 MW, wind power of 3,002
MW, hydro power of 3,282.4 MW, waste power of 500 MW, biomass power of 5,570
MW, biogas power of 600 MW, and energy crops of 680 MW. The total installed
capacity of renewable power at the end of 2036 would be 1,9634.4 MW (Energy Policy
and Planning Office, 2015).
Natural Gas Supply and Petroleum Management Plan: The implementation of
both plan was formulated by the EEDP and AEDP (Energy Policy and Planning Office,
2015). The natural gas and petroleum requirements were forecasted to bring enough to
increase demand in 2036. Natural gas is the main fuel used to generate electricity in
Thailand. Therefore, the natural gas supply can be reduced by the power saving plan and
the electricity production plan by using renewable energy abovementioned in the EEDP
and AEDP, respectively. The petroleum demand was evaluated, in the base case scenario,
to be 3,321,723,384 GJ by 2036 (Energy Policy and Planning Office, 2015). When
comparing the EEDP’s complete implementation by the end of 2036, the petroleum
demand would be only 2,056,765,500 GJ (Energy Policy and Planning Office, 2015). The
transportation was focused on in the EEDP to reduce the consumption of the highest
petroleum requirement.
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Situation of Electricity Generation in Thailand
Electricity in Thailand is provided by private companies and EGAT, the state
enterprise belonging to the Ministry of Energy. Private companies including both small
and independent power producers developed most of the power plants (52% of total
capacity). Meanwhile EGAT had installed power capacity of 39 percent in the year 2017.
There was not enough electricity produced to meet the demand; thus Thailand had to
import 9 percent of its electricity. Figure 2.3 shows the proportion of installed power
capacity by provider in 2017 (Electricity Generating Authority of Thailand, 2017).

Figure 2.3: The Proportion of Electricity Providers in Thailand (IPP = Independent Power
Producer, SPP = Small Power Producer, EGAT = Electricity Generating
Authority of Thailand)
Natural gas and coal are two of the main energy sources used to generate
electricity in Thailand. The proportion of the natural gas and coal for electricity
generation that was consumed was about 68 and 20 percent, respectively in 2015. The
total proportion of both sources was very high, equating to 88 percent. When focusing on
the natural gas, which is the main fuel used for power generation, Thailand has the
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highest potential of domestic natural gas production, but energy was still imported, due to
the rapidly increasing economic growth. About 153,000 GWh of natural gas was
imported, about 40 percent of total energy output produced by the domestic natural gas
production in 2015. At the same time, the natural gas crisis that Thailand is confronting
due to the depletion of natural gas reserves forecasted by the year of 2032 (Energy Policy
and Planning Office, 2011).
Finding the solution to reduce the stress on natural gas is urgent and challenging
to the government of Thailand. Renewable energy used to generate electricity can also
help increase the energy security and reduce the environmental impact. The Thai
Government has promoted renewable energy by using a feed-in tariff (FIT) policy
established in 2007 to motivate renewable energy investments. However, the proportion
of renewable energy used to produce energy in 2015 was only about 11.5 percent of the
total electricity generated. Figure 2.4 shows the total energy consumption used in
Thailand by source in 2015.

0.56%

0.63%
11.50%
19.79%

67.52%

Coal
Petroleum
Other

Natural gas
Renewable energy

Figure 2.4 Energy Consumption for Generating Electricity of Thailand in 2015

21

When comparing the total energy consumption in all economic sectors, the
renewable energy electricity generation would be about 2.27% in 2016 (Department of
Alternative Energy Development and Efficiency, n.d.a). Meanwhile, Thailand has high
potential of renewable energy production such as solar energy, due to its location near the
equator and high solar irradiation (the average approximately 5.0 kWh/m2-day)
(Department of Alternative Energy Development and Efficiency, n.d.b). The primary
sources of renewable energy in Thailand are solar, wind, hydro, waste, biomass and

The installed capacity of
electricity generation (MW* )

biogas.
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47.5
265.7
2,320.8
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222.7
823.5
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2,906.4
65.7
311.5
2,451.8
142.0
224.5
1,298.5
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7,962.8
2,906.4
131.7
372.5
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233.9
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9,139.7
2,906.4
145.3
434.9
2,814.7
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Figure 2.5: The Installed Capacity of Electricity Generating from Renewable Resources
in Thailand from 20.13 to 2016
(*Includes the Electricity Generating Unconnected Grid)
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Figure 2.5 shows the installed capacity of electricity generation from renewable
resources in Thailand from 2013 to 2016 (Department of Alternative Energy
Development and Efficiency, 2015d; Department of Alternative Energy Development
and Efficiency, n.d.c). The growth of solar energy development in Thailand has
continuously increased, especially in the year of 2016 in which the installed capacity
increased by 51% compared with 2015 (Department of Alternative Energy Development
and Efficiency, 2015d; Department of Alternative Energy Development and Efficiency,
n.d.c). This is also the highest growth rate of renewable resources used to generate
electricity in the years shown.
More than 99% of the solar energy development in Thailand is in commercial and
utility scales; meanwhile the last one percent is in rooftop installations (Chaianong &
Pharino, 2015). The Energy Regulatory Commission (ERC) has recorded and provided a
database of ground-mounted solar power projects that have received a solar power
generation license, which totals 412 projects in 2016 (Energy Regulatory Commission,
2016). According to the database of ERC, the three Thai companies having the highest
total installable solar power capacities for ground-mounted solar PV technology
installations are Energy Absolute Public Company Limited (EA, 396.5 MW), SPCG
Public Company Limited, (SPCG, 222.79 MW) (SPCG Public Company Limited, n.d.),
and BCPG Public Company Limited (BCPG, 136.78 MW). The biggest ground-mounted
solar PV power plant in Thailand, located in the Phitsanulok province, is operated by EA.
It has an installed capacity of 133.92 MW. Meanwhile BCPG has operated the smallest
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ground-mounted solar power recorded in the database of ERC with an installable capacity
of 0.9 MW.
Solar photovoltaic (PV) technology is adopted in most solar power plants in
Thailand. There is only one solar plant utilizing the concentrated solar power (CSP)
technology. Solar PV technology is preferred over the CSP technology because of the
direct normal irradiance (DNI) that occurs in Thailand. For economical CSP technology,
DNI values should be greater than 1800 kWh/m2-year (Bijarniya et al., 2016). Thailand
has a maximum DNI value of 1,350 to 1,400 kWh/m2-year covering only 4.3 percent of
total area in Thailand (Department of Alternative Energy Development and Efficiency,
n.d.b). Furthermore, CSP technology has higher efficiency for direct solar radiation for
clear skies than cloudy skies, whereas both direct and diffuse solar radiation does not
have the influence on PV technology (Department of Alternative Energy Development
and Efficiency, n.d.b).

Methodology
This paper provides a review of energy and energy policy in Thailand with the
goal to investigate the possibility for solar energy development to meet Thailand’s
growing energy needs. The expected energy demand forecast of the PDP2015 was
326,119 GWh, which was projected to the year 2036. The purpose of this paper was to
investigate the possibility for solar energy development to cover 100% of the electrical
energy demand projected to the year 2036 of Thailand. The solar energy development
requires abundant area. Thus, we need to look for the large areas for solar energy
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development without significantly impacting economics, environment, and society. Open
or barren land (e.g., desert or semi-desert), abandoned areas and areas with human
induced changes (such as farmland, industrial land, and real estate lands) are
recommended for solar energy development (World Bank Group, 2015). Thailand does
not has deserts or semi-deserts; thus the solar energy development on the unused and
abandoned areas then is the most suitable for Thailand.
Abandoned area in Thailand is approximately about 15,505,000,000 square
meters, according to the Land Development Department of Thailand. Data from this
agency was used to map abandoned land in Thailand. Abandoned areas were classified
into nine categories (Land Use Evaluation Section, n.d): 1) abandoned villages 2)
abandoned factories 3) abandoned unspecified areas 4) abandoned paddy fields 5)
abandoned field crops 6) brush fallow 7) abandoned aqua cultural land and 8) abandoned
mine and pit. Solar PV developed in abandoned areas that are unable for use in
agriculture and residences not only help to reduce the impact of occupying land in the
long run, but it also eliminates the tradeoff problem between the energy and agricultural
sectors.
For the calculations to investigate the sufficiency of areas for solar energy
development, we start with the electrical energy demand of 326,119 GWh projected to
the year 2036 in Thailand. The specific yield of Thailand has been given the value of
1,387 kWh/kW/year by Department of Energy and Efficiency Development, Thailand.
Such values would bring about finding the annually installed solar power capacity, using
Equation 1. Data from the Asian Development Bank was used to estimate the energy
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produced per area. This agency studied the potential of solar energy development in
Greater Mekong Sub-region; one of the countries is Thailand. After finding the installed
solar power capacity, we applied the average kilowatt power per area of 0.06 kW/m2
derived from Asian Development Bank’s study to estimate the total area requirement
using Equation 2 (Asian Development Bank, 2015).

Equation (1)
The total installed solar power capacity (kW) =
Equation (2)
The total area requirement (m2) =

Results
The abandoned areas of Thailand were estimated to be approximately 15.5 billion square
meters. The expected energy demand forecast of the PDP2015 was 326,119 GWh, which
was projected to the year 2036. Thailand only requires abandoned areas to be about 3.9
billion square meters to cover 100% of the electricity demand projected for 2036. Table
2.1 shows the abandoned area required to enable 100% solar energy production. The total
abandoned area is 3.02% of all the land in Thailand, while the area required to enable
100% solar production is only 0.76% of all the land in Thailand as shown in Figure 2.6.
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Table 2.1: The Abandoned Area Required to Provide 100% Solar Electricity in Thailand
Description

Area (m2)

Total abandoned area in Thailand
Abandoned area requirement for 100 % solar energy development
(2036)

15,505,468,800

Abandoned

areas

can

3,918,757,510

be

classified within the four regions of
Thailand, and the regions have the
following percentages of abandoned
areas: 17% North, 23% Central, 45%
Northeast, and 15% South. The
possibility

of

development

in

solar
the

energy

northeastern

regions is higher than the rest of the
country. However, this is only the
preliminary

consideration

on

the

sufficiency of abandoned areas in
each region. There are still several
factors required for making a decision

Figure 2.6: Abandoned Areas of Thailand

to select the most suitable abandoned area for solar energy development.
To increase the potential of solar energy development in Thailand, several factors
should also be considered, such as solar irradiation, slope surface, aspect surface turning
in the best direction, buffer zone to protect preserved areas and ecologically sensitive
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areas, transmission distances, and the minimum area size in case of commercial
development. The average solar irradiation is recommended to be 5 kWh/m2, which is
ranked as a ‘good’ level for solar energy development (Arnette & Zobel, 2011). The
installation of PV tracking systems can increase the efficient output for solar energy by
approximately 20% when comparing with the fixed PV system (Global Energy Network
Institute, 2001). A slope not exceeding 3% is preferred for solar PV installation (Aydin et
al., 2013). Although solar energy development is acknowledged as clean energy,
ecological system and biological diversity still remain as legitimate concerns when
considering the main impacts of solar energy development (Jones et al., 2014). To
increase the security of ecological systems and biological diversity and protection of
conservation lands, buffer distances between protected lands and solar installations
should be considered for Thailand.
Future solar PV installations should consider all abandoned areas. The advantage
of solar energy development in these locations is the installation in remote areas. There
are several areas far away from access to electricity. Additionally, a minimum area
requirement should be considered in commercial solar energy development.

The

minimum area depends on the type of PV; for example, the installation of CdTe thin-film
modules has a larger area requirement than the installation of multi-crystalline modules
(World Bank Group, 2015).

28

Conclusion
This paper is a preliminary effort to investigate the possibility of solar energy
development on abandoned lands in Thailand. Abandoned areas were considered for solar
energy development due to such their inability to be cultivated or used for residential
purposes. Those developing solar energy need to consider additional factors that increase
output efficiency, such as solar irradiation, slope, aspect and minimum area. The buffer
zone can aid in protecting solar installations adjacent to conservation areas. Overall, this
study concludes that Thailand can meet all of its projected 2036 electricity demands with
solar installations on abandoned lands.
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CHAPTER 3
EVALUATING APPROPRIATE TECHNOLOGY AND LOCATIONS FOR
GROUND-MOUNTED SOLAR POWER IN THAILAND
Introduction
Thailand depends on natural gas as the primary fuel for electricity generation and
still imports it from overseas in quantities that have only increased in the past several
years (Department of Alternative Energy Development and Efficiency, 2015b). The
increasing quantity import of natural gas is related to Thailand’s electricity consumption
as shown in Figure SI-3.1 of supplementary information in the Appendix A. In addition,
Thailand’s Ministry of Energy has projected the depletion of available natural gas (22.87
trillion cubic feet based on the data of 2011) by 2032 (Energy Policy and Planning
Office, 2011), if the electricity demand continues to increase.
There is an effort to create solutions by increasing the construction of power
plants and by using different types of fossil fuels other than natural gas to generate
power. However, local communities seem reluctant to accept these solutions due to
environmental and health concerns, especially regarding the use of coal fuel to generate
electricity (Bangkok Post, 2016; Department of Alternative Energy Development and
Efficiency, 2009). In the meantime, renewable power can help reduce local communities’
concerns, since it has less of an environmental impact and is a clean energy source.
Therefore, the Ministry of Energy has written a national policy concerning renewable
energy development called the “Alternative Energy Development Plan 2015” (AEDP
2015), which is included in the Thailand Power Development Plan (PDP: 2015-2036).
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The AEDP 2015 target for installed capacity of electricity generation from solar energy is
6,000 MW by the end of 2036 (Department of Alternative Energy Development and
Efficiency, 2015a).
This paper focuses on the situation of solar energy in terms of ground-mounted
solar power plants in Thailand. The potential of solar energy, the current situation and
solar energy technologies for ground-mounted solar power development in Thailand are
addressed in this paper, including the current ground-mounted solar policy and planning
in Thailand. To this end, the geographic information system (GIS) is employed to
evaluate and identify locations geographically appropriate for ground-mounted solar
power development on the regional level based on the appropriate solar energy
technology. The objectives of the paper are to provide guideline information for the
ground-mounted solar power development in Thailand and for the preliminary site
selection decision of investors who are interested in this technology. Additionally, this
paper advocates for more efficient solar energy policy and planning. The total installable
solar power capacity estimated from this paper can also be used to measure the
achievement of solar energy targets determined in AEDP 2015.

Solar Potential and Ground-Mounted Solar Power Development in Thailand
Thailand is located in Southeast Asia. There are four regions classified by the
administrative division of the Provinces of Thailand: North, Northeast, Central and
South. The total area of Thailand is approximately 514,000 square kilometers. Thailand is
located in the northern hemisphere between 0° to 23.5°N. Therefore, Thailand is one
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country that has high potential for solar energy development. Thailand’s Ministry of
Energy, the Department of Alternative Energy Development and Efficiency (DEDE), has
studied the potential of solar energy and provided a solar potential map, which was
updated in 2009 from satellite data and land exploration data. The solar potential map is
represented by the average solar irradiation map of Thailand as shown in Figure SI-3.2 of
supplementary information in the Appendix A. Most of Thailand’s area receives the
maximum amount of solar irradiation during April and May, which averages to be
approximately 5.56 – 6.39 kWh/m2-day. Additionally, more than 85 percent of the total
area of Thailand has an average solar irradiation of more than 4.72 kWh/m2-day. The
average solar irradiation of Thailand values at 5.0 kWh/m2-day, which is a good level for
solar energy development (Arnette & Zobel, 2011). Thailand has an advantage over
several countries, such as Japan, China and Germany, for solar energy development due
to having a higher average solar irradiation (Chaianong & Pharino, 2015).

When

comparing the solar energy potential in terms of capacity with several neighboring
countries, Thailand has the second highest solar energy potential, following Myanmar
only (Asian Development Bank, 2015).
There are two different leading solar power technologies for ground-mounted
solar: solar photovoltaic (PV) and concentrated solar power (CSP), due to commercial
economics and rapid growth in the solar energy market (Global Energy Network
Institute, 2011) PV solar technology uses photovoltaic solar panels containing a
photovoltaic material to convert the solar radiation into electricity (Global Energy
Network Institute, 2011). Meanwhile, CSP technology indirectly generates electrical
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power using thermal energy from the sun to drive the electrical turbines (Department of
Alternative Energy Development and Efficiency, n.d.b).
The Energy Regulatory Commission (ERC) has recorded and provided a database
of ground-mounted solar power projects that have received a solar power generation
license, which total to 412 projects (Energy Regulatory Commission, 2016). The biggest
ground-mounted solar PV power plant in Thailand is located in the Phitsanulok province
and has the installed solar power capacity of 133.92 MWp. The growth of solar energy
development in Thailand has continuously increased, especially in the year of 2016 in
which the installed capacity increased by 51% compared with the year of 2015
(Department of Alternative Energy Development and Efficiency, 2015d; Department of
Alternative Energy Development and Efficiency, n.d.c). The favored solar energy
technology for ground-mounted solar power development in Thailand is solar
photovoltaic (PV). From all 412 projects in the ERC’s records, there is only one groundmounted solar thermal power project using CSP technology. Meanwhile, the rest of
projects have implemented solar PV technology. More than 99 percent of the solar PV
installations in Thailand are used in commercial and utility scales, while less than 1
percent are installed in residential scales (Chaianong & Pharino, 2015). The types of solar
cell technologies have a variety of installations in Thailand as shown in Figure 3.1.
The favored type of solar cell to utilize in Thailand is the hybrid solar cell type
(shown in Figure 3.1 (Energy Regulatory Commission, 2016)). The hybrid PV system
prefers large-scale rather than small-scale solar cell installation. This system is also more
cost effective than using only one solar cell type installation for large-scale installation
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(Wu, Tian, & Jiang, 2005). The hybrid system between mono-crystalline silicon and
multi-crystalline silicon has the highest proportion of 76% in commercial groundmounted solar PV in Thailand. However, the crystalline silicon technology is currently
the most desirable solar cell type in Thailand.

Figure 3.1: The Proportion of Solar Cell Types Producing Electricity in Thailand as of
2016
The future electricity crisis in Thailand, along with the unacceptance for
developing non-natural gas power plants are key factors supporting the Thai government
to accelerate and promote the use of renewable energy sources to generate domestic
electricity. In addition, using renewable power not only relieves the energy crisis from
the rapid decline of fossil resources, but also reduces the demand of fossil fuels and
supports the sustainable energy development initiatives in Thailand. The Thai
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government seeks to expand the renewable energy projects by endorsing the policy of the
Feed-in-tariff (FIT) for the producer’s electricity with renewable resources. The
renewable energy is expected to receive positive response from all economic sectors,
especially because solar energy is considered to be clean energy. However, the portion of
renewable energy used to generate electricity is relatively small (2.27%) of overall
resources used in 2016 as shown in Figure 3.2 (Department of Alternative Energy
Development and Efficiency, 2015b; Department of Alternative Energy Development
and Efficiency, n.d.a)

Figure 3.2: The Proportion of Renewable Energy to Generate Electricity in Thailand
The occupancy of the land in the long term and the unsuitable site selection,
where sites disturb ecology and sensitive areas are significant environmental concerns for
ground-mounted solar PV power development. In addition, ground-mounted solar power
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plants should yield high economic returns to attract an investor. Sites appropriately
selected not only help to reduce environmental impacts that occur from ground-mounted
solar PV installation and development, but they also increase efficient energy output and
income for commercial ground-mounted solar power plants. The geography of the
installation area is an important factor for ground-mounted solar PV site selection
because the technology has a high impact on the both environmental and economic
aspects.
Geographic information system (GIS) technique is widely applied for renewable
site selection, especially wind and solar energy. Aydin et al. used GIS model to evaluate
the site selection for solar, wind and hybrid wind solar–PV system in Western Turkey
and concluded that hybrid wind solar-PV development can provide more benefit than a
single renewable system based in terms of energy and cost (Aydin et al., 2013). Watson
et al. also used GIS to evaluate the area suitable for wind and solar farm development.
Watson classified the total area into four classes: not suitable, least suitable, moderately
suitable, and most suitable area for development (Watson & Hudson, 2015). Beside these,
there are several other studies on the use of GIS model to evaluate renewable energy site
selection especially solar farm development (Brewer et al., 2015; Uyan, 2013; Niblick et
al. 2012; Niblick et al. 2016) and wind farm development (Latinopoulos & Kechagia,
2015; Noorollahi et al., 2016).
This study used ArcGIS to evaluate and identify the appropriate geographic
locations for the solar power development in Thailand based on PV technology. One
objective addressed in AEDP 2015 is the provincial renewable development by zoning
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the electricity demand, and to promote the renewable potential for the renewable energy
investors (Department of Alternative Energy Development and Efficiency, 2015a).
Therefore, the result of this study is expected to not only provides site selection criteria to
investors, but also helps promote more ground-mounted solar PV investment and solar
energy development in the regional level, thereby supporting one of the goals of AEDP
2015.

Methodology
This research study: First, evaluated the appropriate solar energy technologies for
ground-mounted solar power development in Thailand. Second, this study identified
geographically suitable ground-mounted solar power locations in Thailand by using
ArcGIS.

Evaluating Appropriate Solar Energy Technologies for Ground-Mounted Solar Power in
Thailand (PV Technology Versus CSP Technology)
Although solar PV technology is preferred over CSP technology for groundmounted solar power business in Thailand, comparisons of the advantages and
disadvantages of solar PV and CSP technologies should be studied carefully before
concluding as to whether or not the direction of solar energy development in Thailand
should continue down the path of PV. To compare CSP versus PV, we investigate solar
irradiation requirements, costs, and environmental and social impacts.
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Suitability of Implementation Via Solar Irradiation
Direct normal irradiance (DNI) is the main advantage of CSP technology over PV
technology. In CSP installation, DNI values should be greater than 1800 kWh/m2-year
(Bijarniya et al., 2016) for the rationale of economical investment. Furthermore, CSP
technology should be installed on areas receiving direct radiation (i.e. uncovered by
cloud) rather than diffuse radiation (i.e. cloudy), whereas PV technology can be installed
on areas regardless of cloud conditions (Department of Alternative Energy Development
and Efficiency, n.d.b). Both DNI values and amount of sunlight are uncontrollable factors
depending on location selected for solar energy development. To compare CSP versus
PV from the perspective of solar irradiation, we evaluate DNI values for Thailand, which
are derived from Department of Alternative Energy Development and Efficiency
(Department of Alternative Energy Development and Efficiency, n.d.b)

Levelized Cost of Electricity (LCOE)
The levelized cost of electricity (LCOE), also known as levelized energy cost
(LEC), was used to estimate the ratio of the total cost of implementing a project to the
units of electricity generated by that project over its lifetime (National Renewable Energy
Laboratory, n.d.). The Technology Roadmap 2014 provided by International Energy
Agency (IEA) compared the LCOE of both CSP and PV solar technologies, and was used
to compare LCOE for PV and CSP (as shown in Table SI-3.1 of the supplementary
information in Appendix A). The average LCOE, forecasted for the year 2050, for both
technologies has a decreasing trend until the year 2050. LCOEs of both technologies
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diminish by more than 50% of the starting LCOEs for the year 2015. The average LCOE
of CSP technology is lower than the average LCOE of PV technology from 2013 to 2020
as represented by IEA. After 2030, the average LCOE of PV technology competes with
the average LCOE of CSP technology (International Energy Agency, 2014b;
International Energy Agency 2014c). The LCOE for PV technology is more competitive
than the LCOE for CSP when considering the long term.
The increasing efficiency coupled with the reducing cost are two important
factors in improving solar PV technology. The average cost of solar modules reduced
from $4 USD/W in 2008 to $0.80 USD/W in 2012 (International Energy Agency, 2014b)
and continued to decline to $0.72 USD/W in the first quarter of 2015 (Solar Energy
Industries Association, n.d.). The price is expected to drop down to $0.30-0.40 USD/W
(International Energy Agency, 2014b). Both the reduction of module price and the
increase in efficiency of modules will contribute to the reduction of the LCOE of solar
PV technology in the long term, which will enable it to compete with CSP technology in
the future market.

Investment Cost
The investment cost is a crucial cost for investment decisions. IEA presented the
investment cost of PV technology in utility scale was lower than the investment cost of
CSP technology with CSP no storage and without CSP storage throughout. The
investment cost of PV technology is still expected lower than CSP technology with CSP
no storage and without storage continuously when projected to the year 2050. The
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investment cost of PV technology is forecasted lower than 1,000 USD/kw; meanwhile the
investment cost of CSP technology with CSP no storage and without CSP storage are
approximated 2,000 USD/kW and 3000 USD/kW, respectively (International Energy
Agency, 2014b; International Energy Agency, 2014c).
Scale application does not significantly influence the implementation of PV
technology, but CSP needs a larger scale for development greater than or equal to 10
megawatts (Global Energy Network Institute, 2011). Solar PV technology has many
varieties of installation locations on many types of surfaces. Solar modules can be
installed on a rooftop, a building, a transportation system, on the ground, or anywhere
else needed. Solar PV technology can be applied in a remote area by a stand-alone
system; meanwhile CSP technology needs to develop on a large amount of area due to
the constraints on both how feasible it is and what the minimum economic scale is.
Additionally, the lifetime of implementation for both technologies is reported to be the
same (Global Energy Network Institute, 2011).

Environmental Impacts
Although solar farms would not be emission sources and have much lower noise
impact than other power producing technologies, ecological system and natural
conservative concerns are the most important issues to consider for solar power
development (Jones et al., 2014). When comparing area required to develop solar plant
among CSP and PV technology, CSP technology has higher area requirement than PV.
CSP requires an average area about 3.5 acres/GWh/year; meanwhile PV technology
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requires approximately 3.4 acres/GWh/year (for large PV > 20 MW) (National
Renewable Energy Laboratory, 2013). In addition, Otieno and Loosen presented
environmental and social risk for CSP development: risk of disruption of the risk to avian
species and local water resources (Otieno & Loosen, 2016). Water is required to operate
CSP systems such as cooling system, making up water in the steam cycle process, and
washing water in the system (Bracken, N., Macknick, J., Tovar-Hastings, A., Komor, P.,
Gerritsen, M., Mehta, S., 2015). PV plants require water just for cleaning dust and
potable uses (National Renewable Energy Laboratory, 2011). The median water
requirement for PV is only about 26 gal/MWh; while the median water consumption of
CSP is higher than PV (National Renewable Energy Laboratory, 2011). 1

Data and Methodology to Estimate Suitable PV Locations
Locations were identified for ground-mounted solar power development using the
crystalline silicon cell type of PV. There are three main criteria used to consider for
ground-mounted solar PV site selection. They are: locations corresponding to the land
use, locations according to the regulations, and locations meeting geographical, economic
and environmental factors. The areas eligible for solar power development should be
located away from preserved areas and ecologically sensitive areas such as wetlands,
forests and natural parks, which are habitats of wildlife. One of the concerns about solar
energy development is that it disturbs protected conservative and ecologically sensitive
areas (Jones et al., 2014); thus, solar PV power plants should be sited away from those
Excluding the median water consumption of CSP (power tower technology) based on dry cooling system
equal to the median water consumption of PV (National Renewable Energy Laboratory, 2011)
1
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areas. National parks, national forests and water sources (e.g. wetlands, irrigation areas,
lakes, and reservoirs) are given as the protected conservative and ecologically sensitive
areas in this study. The environmental factors for ground-mounted solar PV site selection
helping to reduce the concerns of invasion and disturbance from solar energy
development are considered to determine the buffer distance for national parks, national
forests, residential areas (e.g., utilities, transportation stations, temples, institutes, school
and building), and water sources.
The open or barren (e.g., desert or semi-desert) or the abandoned areas and the
areas with human induced changes (such as farmland, industrial land, existing
transportation and transmission corridors) are more favorable for ground-mounted solar
PV development (World Bank Group 2015). Thailand does not have desert or semi-desert
areas. Therefore, the abandoned areas and the areas with human induced changes are
considered suitable areas for solar energy development in Thailand because these areas
are unused, not favorable for cultivation and do not have residents. The Land
Development Department of Thailand has classified abandoned areas into various
categories; they are 1) abandoned village 2) abandoned factory 3) abandoned unspecified
area 4) abandoned paddy field 5) abandoned field crop 6) brush fallow 7) abandoned
aqua cultural land and 8) abandoned mine and pit (Land Use Evaluation Section,
2014). Ground-mounted solar PV power plants developed on abandoned areas that are
unfit for cultivation or for residential use help reduce the impacts of long-term land
occupation. Additionally, we created a map layer of the existing ground-mounted solar
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power locations from the Energy Regulatory Commission database to avoid overlay
analysis on the same locations resulting from this study.
The buffer function is one of the analysis tools installed in ArcGIS 10.3.1 and is
applied to create the buffer distance on the map layer. The existing criteria for solar farm
site selection in Thailand is the code of practice (CoP) developed by Energy Regulatory
Commission (Energy Regulatory Commission, 2014), but such CoP does not have a
specific buffer distance control for ground-mounted solar PV. Buffer distances as
recorded in international literatures were used in this study. The distance of buffer
depends on the sensitiveness of areas and locations. Watson’s study provided the buffer
distance of 1000 meters for historically important areas, landscape designations and
wildlife designations. Similar buffer distances were used for the national parks and
national forests and water sources; meanwhile, the buffer distance for residential areas
was 500 meters (Uyan, 2013; Watson & Hudson, 2015).
The economic factors for ground-mounted solar PV site selection consist of the
buffer for roads, solar irradiation values, slopes and aspects (or the direction of facingslope), and area sizes. These factors can reduce the investment cost and increase potential
electricity generation. Buffer distance of 100 meters was used for road (Uyan, 2013). The
average solar irradiation of Thailand is 5.0 kWh/m2, which is identified in the ‘good’
level for solar energy development (Arnette & Zobel, 2011). A slope of 0 to 3% is
optimal for the location of the ground-mounted solar in all aspect (Aydin et al., 2013;
Uyan, 2013). Digital elevation models (DEMs) developed by the U.S. Geological Survey
(USGS) were applied as analytic tools with ArcGIS to create the surface map of
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Thailand. For this study, DEMs with the highest-resolution (30*30 meters) topographic
data from NASA’s Shuttle Radar Topography Mission (SRTM) released in late 2015 was
used.
The minimum area requirement for
site selection applied in this study is
considered on the installable solar power
capacity starting for 1 MWp. The average
kilowatt power peak per area required from
several studies is needed to estimate the
area requirement. Before we estimate the
minimum

area

requirement

for

the

installable solar power capacity of 1 MWp,

Figure 3.3: The Types of Area
Requirement for GroundMounted Solar Power Plant
Development

we need to understand the definition of
area requirement, which is used differently

in this study. There are two types of area requirements, the direct area requirement and
the total area requirement. Figure 3.3 illustrates the meaning of each area type used in
this study and details the following: The direct area requirement covers the entire area
used in installing solar arrays including the space between rows of modules, the entire
area covered in the red line; meanwhile the total area requirement is the boundary of the
entire land prepared for solar energy development which includes some empty spaces
other than solar array installation and other facility and infrastructure installation, the
boundary of the black line.
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The average kilowatt power peak per area required in Thailand is recommended
from several studies. World Bank Group (WBG) represents the average direct area
required for megawatt-scale solar PV power plant for crystalline silicon cells equal to 0.1
kWp/m2 (World Bank Group, 2015). Asian Development Bank (ADB) studied the
potential of solar energy development in the Greater Mekong sub-region. Thailand is one
of these sub-regions. The average kilowatt power peak per total area required for solar
energy development represented by ADB’s study is 0.06 kWp/m2, without the
specification of solar cell type applied in their study (Asian Development Bank, 2015).
Solar energy investment guideline provided by Department of Energy Development and
Efficiency (DEDE) presents the kilowatt power peak per total area to be 0.0625 - 0.08
kWp/m2 (or approximately 16,000 - 13,000 m2/MWp) (Department of Alternative Energy
Development and Efficiency, n.d.b). We used the kilowatt power peak per total area
required of 0.08 kWp/m2 as recommended by Department of Energy Development and
Efficiency (DEDE). Due to the difference of the kilowatt power peak per area required of
Thailand, the minimum area requirement using the criteria to select locations suitable the
starting capacity of 1 MWp was compared and the assumption evaluated in a sensitivity
analysis. Therefore, the minimum area requirements for site selection are determined at
10,000, 13,000 and 16,000 m2 based on the studies of WGB, DEDE and ADB. Table 3.1
concludes the kilowatt power peak per area required of Thailand from several studies.
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Table 3.1: The Kilowatt Power Peak Per Area Required of Thailand Based on The
Different Studies

Sources

The kilowatt
power peak per
area required
(kWp/m2)

The
approximately
area requirement
for the installable
capacity of 1
MWp (m2)

WBG
(average)

0.10

10,000

DEDE

0.08

13,000

ADB
(average)

0.06

16,000

Remarks

- Apply to crystalline silicon cell
technology
- The area requirement based on
the direct area
- Apply to crystalline silicon cell
technology
- The area requirement based on
the total area
- No specification for solar cell
technology applying in ADB’s
study
- The area requirement based on
the total area

Location selection for this study used ArcGIS and was based on the overlay
analysis of the same kind of spatial dataset. There are two spatial datasets for GIS model:
vector and raster spatial dataset. The vector spatial data typically represents a geographic
feature such as points, lines, or polygons. Meanwhile, the raster spatial data represents
geographic grid structure of rows and columns called cells. This study investigates the
cell size of 30 meters. DEM data is a raster dataset used to create a map layer of slope
surface at 0-3%. The slope surface layer should be a raster dataset based on the cell size
of 30 meters. Each cell in the raster dataset of slope surface layer is given the value of 1
and 0 (shown in Figure SI-3.3 of the supplementary information in Appendix A). A 1 in
the cell represents slopes of 0.3% where unwanted slopes receive a 0. The final map layer
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for overlay analysis, used to identify the possible locations for ground-mounted solar PV,
is the vector data type. The conversion tools can covert from raster type to vector type
and vice versa. The slope surface is then converted from raster type to vector type. The
slope surface in vector layer shows polygons specified with grid code 1 and 0. The
polygons contained within grid code 1 would be selected along with their areas estimated
as shown in Figure SI-3.4 of the supplementary information in Appendix A. The slope
surface layer was only one layer being raster dataset. When it was converted to the vector
layer type, it was overlaid with other vector layers to evaluate and identify the
appropriately geographic locations for solar energy development using ArcGIS software.
The map layer of solar power locations resulting from using ArcGIS was overlain on the
map layer of existing solar power locations to eliminate locations that may be on the
same position. The map layer of existing solar power locations in Thailand was created
by using the ERC database (as illustrated in Figure SI-3.5 of the supplementary
information in Appendix A). Table 3.2 indicates the factors and constraints when using
ArcGIS to evaluate and identify the solar power locations. Figure 3.4 illustrates the
hierarchical process to evaluate the appropriate geographic solar power locations by
using ArcGIS.
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Table 3.2: The Factors and Constraints Considered for the Solar Power Sites Selection in
ArcGIS

-

Environmental Factors and constraints
Areas selected for solar energy development
- Abandoned Area
Locations on the legally restricted and protected areas such as
wetland areas, national parks, and national forests were not selected.
- Locations not sitting on the same existing ground-mounted solar
power locations
Buffer provided to the sensitive and significant areas
- Buffer distance for residential areas, utilities, transportations,
temples, institutions, schools, and governmental buildings
- Buffer distance for national parks and national forests
- Buffer distance for rivers, lakes, irrigation areas, reservoirs and wet
lands
Economic Factors and constraints
Buffer for roads
Slope: the specific factor for only solar farms
Minimum area
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Description
Yes
Yes
Yes
500 m.
1000 m.
1000 m.
Description
100 m.
0-3%
Case 1: 10,000 m2
Case 2: 13,000 m2
Case 3: 16,000 m2

Figure 3.4: The Hierarchical Process to Evaluate the Appropriate Geographic Solar
Power Locations by Using ArcGIS.
Results and Discussion
Photovoltaic Technology (PV) Versus Concentrated Solar Power Technology (Csp)
Using solar irradiation, costs, and environmental and social impacts, we evaluate
the potential for PV and CSP in Thailand. Thailand is already pursing PV technology via
previous investments and installation. Although Thailand is located close to equator, it is
often cloudy in Thailand. Therefore, Thailand receives a diffusion radiation (Department
of Alternative Energy Development and Efficiency, n.d.b), which is one qualification that
is suitable for solar PV technology rather than CSP technology. The maximum DNI of
1,350 to 1,400 kWh/m2-year covers only 4.3 percent of total area in Thailand
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(Department of Alternative Energy Development and Efficiency, n.d.b). DNI is typically
the determining factor for CSP technology and should be greater than 1800 kWh/m2-year
for a possible economic investment (Bijarniya et al., 2016). The guideline of solar energy
investment in Thailand outlines the potential of solar energy development with suitable
technology application and concludes that solar PV technology is preferred over CSP
technology for solar energy development in Thailand due to factors mentioned above
(Department of Alternative Energy Development and Efficiency, n.d.b).
Although CSP technology currently has more incentive and higher LCOE than
PV technology, CSP technology requires initial investment cost higher and needs a larger
scale. Therefore, the risk of using CSP technology in Thailand without considering other
factors is somewhat high due to the instability and discontinuity of solar energy policy
and planning of Thailand in the past, especially the feed-in tariff (FIT) policy. This is the
incentive policy attractive investors to produce the electricity for selling. The change of
FIT policy occurred four times from 2007 to 2015 as shown in Table SI-3.2 of the
supplementary information in the Appendix A. In addition, more than 90 percent of
ground-mounted solar power plants in Thailand have the installed capacity in the range of
1 to 10 MWp (Energy Regulatory Commission, 2016). Table SI-3.3 in the supplementary
data of the Appendix A shows the number of ground-mounted solar power projects
classified by the ranges of installed solar power capacity. Entrepreneurs who invest in the
ground-mounted solar power in the installed capacity of 1 to 90 MWp are classified in
just small power producers (SPP) (Energy Policy and Planning Office, 2016). The initial
investment cost is then a limitation of selecting to use CSP technology in Thailand.
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Additionally, the positive factors that support using PV technology in the future comprise
of reducing the LCOE of PV solar system to be lower than CSP technology after 2020,
diminishing the initial investment continuously based on the study of IEA, and reducing
the solar module price while increasing the efficiency of solar modules. All of these are
great opportunities for Thailand and will be able to boost solar PV development in the
future for Thailand.
The same environmental issues arise for both PV and CSP technology, which
include occupying land for a long time and disturbing the ecology of sensitive areas.
These environmental problems can arise when an unsuitable site is picked. Both issues
can be solved by determining solar energy policy and planning. CSP requires more water
for cooling, which is often released to the river or nearby water bodies. The solar CSP
plants require more water to operate compared to PV plants. PV plants require water just
for cleaning dust and potable uses (National Renewable Energy Laboratory, 2011). These
are significant barriers to the development of CSP solar technology in Thailand because
they are not only a potential environmental problem but they also create a social problem.
Most residents of Thailand have agriculture-based occupations; thus water is a very
important resource both in occupation and consumption for Thai people. Any project that
has a possible effect on the water sources of Thailand has the potential to receive
backlash from the local citizens. The decision to build CSP power plant in Colorado was
a very unpopular decision with the local people due to impact of site selection and its
effect on the local ecosystem and the existing transmission line (Brewer et al., 2015).
Several solar PV power sites in Thailand were invading protected conservative areas,
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such as sites that were located in wetlands or national forests, and ultimately lead to the
revocation of the plants’ construction licenses (Thansettakij, 2016a; Thansettakij, 2016b).
The solar PV roadmap provided by Department of Energy Development and
Efficiency (DEDE), Ministry of Energy, Thailand, represents the priority of barriers to
solar PV development in Thailand, as concluded from interviewing the direct experiences
of stakeholders (Tongsopit, S. Chaitusaney, S. Limmanee, A. Kittner, N. Hoontrakul, P.,
2015). Technical support is in one of five main barriers. This is the reflection of research
and development on solar PV development in Thailand. Installing CSP technology is
more complex and requires special skills than PV technology (Bijarniya et al., 2016).
Therefore, developing ground-mounted CSP solar power technology in Thailand
currently is not easy. Overall, PV is the preferred technology in Thailand. Thailand has
already invested significantly in PV (less than 1% of solar installations in 2016 were
CSP) (Energy Regulatory Commission, 2016).

Estimating Suitable Locations for Ground-Mounted Solar
Based on GIS analysis, the results shown in Table 3.3 consist of the number of
geographically appropriate locations that meet all the criteria determined in this study and
the total area. The total number of suitable geographic locations for ground-mounted
solar PV development in Thailand, in case of using the minimum criteria requirements of
WGB (≥ 10,000 m2 based on the direct area), DEDE (≥ 13,000 m2 based on the total
area) and ADB (≥ 16,000 m2 based on the total area) were 1,442, 1,146 and 953 locations
respectively. These locations can be classified by region, represented in Table 3.3. The
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regions from highest locations to lowest locations were south, central, north and
northeast, respectively. Figure 3.5 is the sample of map layer showing ground-mounted
solar PV power locations of ADB’s study based on the total area (case3).

Table 3.3: The Number Locations and the Area Requirement Based on Each Case for
Ground-Mounted Solar PV Development Classified by Region of Thailand
Case 1: the minimum
area ≥10,000 m2
(WGB's study based
on the direct area)
Region
Number
of
The total
location area (m2)*
s
North
229
27,767,009
Central
481
15,969,932
Northeast
156
4,460,555
South
576
28,461,945
Total
1,442
76,659,441
*total direct area

Case 2: the minimum
area ≥13,000 m2
(DEDE's study based
on the total area)

Case 3: the minimum
area ≥16,000 m2 (ADB's
study based on the total
area)

Number
of
locations

The total
area (m2)

Number
of
locations

The total
area (m2)

209
368
106
463
1,146

27,533,088
14,666,872
3,886,571
27,169,307
73,255,838

182
288
85
398
953

27,140,782
13,511,448
3,579,225
26,240,012
70,471,466
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Figure 3.5: Ground-Mounted Solar Power Locations Based on Solar PV Technology in
Thailand by Using ArcGIS Based on the Area Requirement ≥ 16,000 m2 of
ADB’s Study
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Ground-Mounted Solar Power Potential
The total number of solar power locations can be represented by the installable
solar power capacity of each region. Although the central and northeast region, in all
cases, had more locations than the north region, the installable solar power capacity of the
central and northeast regions were less than the north region. The actual representation of
installable solar power capacity was the area of each location. The location with the most
area would provide the greatest capacity of installable solar power. Table 3.4 indicates
the result of estimating the installable solar power capacity and the electricity generation
for ground-mounted solar PV development in Thailand similar to Table 3.3. The total
area of each region was used to estimate the installable solar power capacity for groundmounted solar power potential in that region. The kilowatt power peak per area required
of 0.1, 0.08, and 0.06 kWp/m2, referenced from the studies of WGB, DED and ADB,
respectively was used to estimate the installable solar power capacity. The installable
capacity was then converted to the electricity generation by using the specific yield. The
specific yield is the total annual energy generated per kWp installed. DEDE estimated
1,387 kWh/kWp/year (or 3.8 kWh/kWp/day) in Thailand (Department of Alternative
Energy Development and Efficiency n.d.). After estimating the installable capacity, the
regions in descending order found to be the most attractive to develop a ground-mounted
solar PV power plant were south, north, central and northeast region. The total area,
installable capacity and electricity generation had a direct relation to one another.
Installable capacity and electricity generation also has similar ranking by regions in all
cases as shown in Table 3.4.
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Table 3.4: The Installable Solar Power Capacity and Electricity Based on Each Case for
Ground-Mounted Solar PV Development Classified by Region of Thailand

Region*

Case 1: the minimum
area ≥10,000 m2
(WGB's study based on
the direct area)

Case 2: the minimum
area ≥13,000 m
(DEDE's study based on
the total area)

Case 3: the minimum
area ≥16,000 m (ADB's
study based on the total
area)

The solar
power
capacity
(MWp)

The solar
power
capacity
(MWp)

The solar
power
capacity
(MWp)

The
electricity
generation
(m2)

1,628
811
215
1,574
4,228

2,258,656
1,124,423
297,863
2,183,694
5,864,635

The
electricity
generation
(m2)

The
electricity
generation
(m2)

N
2,777
3,851,284
2,203
3,055,071
C
1,597
2,215,030
1,173
1,627,436
NE
446
618,679
311
431,254
S
2,846
3,947,672
2,174
3,014,706
Total
7,666
10,632,664
5,860
8,128,468
*N = North, C = Central, NE = Northeast, S = South

Effect of This Study on Energy Policy and Planning of Thailand
The installable solar power capacities of this study were estimated by using a
different basis referred from World Bank Group (WBG), Department of Energy
Development and Efficiency (DEDE) and Asian Development Bank (ADB). WBG
estimates the installable capacity on the direct area covering only the solar array
including the space between solar array installations. Meanwhile, DEDE and ADB base
their estimation of installable capacity on the total area, or the boundary of a solar power
plant’s fence. The results evaluated above indicate the installation design for solar power
plant is very important to the power capacity and electricity generation. The more area
used in solar panel installation the more solar power capacity and electricity generation.
We cannot use the full area for solar panel installation due to facilities and infrastructures
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needed in the power plant. Therefore, evaluating the AEDP target by using this study
should consider DEDE and ADB as more accurate estimations.
Alternative Energy Development Plan (AEDP) aims to generate 6,000 MWp of
solar power by the end of 2036 in both on-grid and off-grid system. The total installable
solar power capacity on appropriate geographic locations, based on ground-mounted
solar PV estimated from this study regardless of the grid connection and the possible
economic investment based on DEDE and ADB were approximately 5,860 and 4,228
MWp, respectively. If the total installable capacity resulting from this study was
developed in the future, and combined with the existing installed solar energy capacity of
2,150 MWp, the overall installed capacity would be around 8,010 and 6,378 MWp based
on cases of DEDE and ADB respectively. These values would meet the goal of AEDP in
Thailand and generate the electricity from solar energy in both cases.

Factors Affecting on Evaluating the Ground-Mounted Solar Power Locations by Using
GIS
The main factors applied in this study that have an effect on evaluating the
ground-mounted solar power location by using GIS include a buffer of preserved areas
such as the residential areas, roads, national forests, national parks and wetland, slope and
aspect, and a minimum area requirement for solar power development.
Creating a buffer for preserved areas might interfere with the location areas for
solar energy development, because a higher buffer distance might increase the protected
areas but decrease the location areas for solar energy development. A buffer distance of
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any area is dependent on the sensitivity and significance of that area including the
resources. Thus, the buffer distance should be specially studied to determine the suitable
distance for each area required for protection. The buffer zone of any area in this study
was referred from several international studies about Thailand not specific to the buffer
zone for solar energy site selection in CoP of ERC. Evaluating the suitable buffer
distance of each area should be studied in the future and applied as the guideline of solar
energy site selection in Thailand.
The surface direction turning to receiver the sunlight (aspect) hardly has influence
on the flat surface and very low slope; meanwhile very high slopes are needed on the
south surface for countries located in the northern hemisphere (Boxwell, 2016), which
include Thailand. The slope criteria of 0-3% was used in this study; thus, the aspect was
ignored. However, if we consider more slope criteria than used in this study, the number
of locations for solar power development should be greater. In this study, the minimum
area requirements for solar power development has a variety of sources and different
values. The results shown in Table 3.3 and 3.4 indicate the minimum area requirement
has an effect on evaluating locations for ground-mounted solar PV development in
Thailand. The minimum area requirement is dependent on technology chosen.
Determining the specific minimum area requirement for ground—mounted solar
development for all technologies developed in Thailand can be implemented on
collecting and evaluating the existing solar power plant data. A study conducted by
NREL regarding land-use requirements for solar power plants in the United States
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(National Renewable Energy Laboratory, 2013) is a sample that helps us to develop the
future study for evaluating the area requirement for solar power development in Thailand.

Limitations
The temperature is another factor affecting the efficiency of PV modules
(Skoplaki & Palyvos, 2009). The efficiency of a PV module decreases due to the increase
in temperature and lowers solar energy output. The temperature co-efficient for power
describes the percent power output reduced due to the incremental temperature of 1 °C.
The temperature co-efficient of the crystalline silicon module is about -0.45%/°C (World
Bank Group, 2015). The northeast monsoon and southwest monsoon that flow through
Thailand have a direct influence on the temperature in the country. The northeast
monsoon blows cold dry air through Thailand and provides a cloudless sky in the middle
of October to the middle of February; meanwhile the southeast brings storms with the
cloudy sky in the middle of May to the middle of October (Meteorological Department of
Thailand, n.d). The influence that the monsoon has on the temperature is difficult to
consider in evaluating site selection for ground-mounted solar PV locations by using GIS
because the duration of monsoon changes each year. Nonetheless, temperature, social
acceptance, and appropriate buffers should be considered for further solar planning in
Thailand. Furthermore, other types of installations, like urban, rooftop, and decentralized,
should be considered.
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Conclusion
The crystalline silicon PV is the desirable solar cell type in Thailand for its
reasonable cost according to its efficiency, as well as for its low water requirements.
Initial efforts might focus ground-mounted solar PV technology installations in Southern
and Northern Thailand because there are thousands of geographically appropriate areas
identified and because there is a large centralized demand for electricity in these regions
(i.e. large urban centers like Bangkok). Based on available land-use information, the
central region is urban rather than rural. The capital city, Bangkok, is also located on this
region; Bangkok consumes 20% of Thailand’s electrical energy in 2014 (National
Statistical Office, 2015). The cities around Bangkok are mostly industrialized and
community areas. Northeastern Thailand would have the least installable solar power
capacity because most areas of Northeastern Thailand are highlands and the slope of area
has an effect on site selection of ground-mounted solar development. Wind energy
development is likely to be preferred rather than solar energy development (Chingulpitak
& Wongwises, 2014; Ratjiranukool & Ratjiranukool, 2015) for Northeastern Thailand.
The total installable solar power capacity estimated from this study was either of 8,010
and 6,378 MWp in case of DEDE and ADB respectively. Only this capacity combined
with the existing installed solar energy capacity of 2150 MWp would make the goal of
solar energy development in AEDP 2015 successful without including rooftop PV solar
and other solar power technologies. This indicates that if ground-mounted solar PV
power development in Thailand receives the promotion from Thai government, the
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ground-mounted solar power will have enough geographically appropriate locations to
meet the AEDP 2015 target.
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CHAPTER 4
EVALUATING THE SUITABLE BUFFER DISTANCE OF PROTECTED
CONSERVATION AREAS FOR GROUND-MOUNTED SOLAR PHOTOVALTAIC
DEVELOPMENT IN THAILAND BY USING GIS
GROUND-MOUNTED SOLAR POWER IN THAILAND
Introduction
The development of solar PV energy has rapidly grown in Thailand because it not
only helps to reduce the dependence on using fossil fuels but it is also an abundant
resource coming from natural sources and is clean source of energy. In 2004, the total
installed solar PV capacity in the world was 2.6 GW, and it increased to 177 GW by 2014
(Renewable Energy Policy Network for the 21st Century, 2016). Thailand is a desirable
country to produce solar energy with PV technology due to the suitability of the direct
normal irradiation (DNI) and the diffuse solar radiation for most of the country
(Department of Alternative Energy Development and Efficiency, n.d.b). The DNI of
Thailand is lower than 1800 kWh/m2-year, which makes concentrated solar power (CSP)
technology investment less attractive (Bijarniya et al., 2016). However, the diffuse solar
radiation owing to the cloudy sky of Thailand is suitable for PV installations (Department
of Alternative Energy Development and Efficiency, n.d.b). Thailand has only one CSP
plant at the time of writing; meanwhile the rest of solar power plants are PV technology
(Energy Regulatory Commission, 2016). Furthermore, more than 90 percent of solar
energy in Thailand is in utility scale (Chaianong & Pharino, 2015); (Tongsopit, S.
Chaitusaney, S. Limmanee, A. Kittner, N. Hoontrakul, P., 2015). The growth of solar
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energy development in Thailand has a similar trend to the growth of solar energy
development throughout the world, especially in the year of 2016 in which the installed
capacity increased by 51 percent compared with the year of 2015 (Department of
Alternative Energy Development and Efficiency, 2015d; Department of Alternative
Energy Development and Efficiency, n.d.c).
Although solar energy development has been seriously promoted by the Thai
government, the vagueness and complexity of regulations has become a key barrier for
solar energy development, according to a stakeholder opinion survey conducted by the
Department of Alternative Energy Development and Efficiency (DEDE) (Tongsopit, S.
Chaitusaney, S. Limmanee, A. Kittner, N. Hoontrakul, P., 2015). An important issue for
solar development are the ecological system and nature conservation concerns, which are
often more important than emission pollution concerns (Jones et al., 2014). Selecting
sites for solar PV installation and construction needs to meet all regulation requirements.
Site selection for PV technologies must follow the Code of Practice (CoP) provided by
Emission Regulatory Commission (ERC), but there are not specific regulations for solar
energy site selection due to the absence of the renewable energy act. Typically,
installations apply the regulations of other governmental organizations such as Building
Control Act, B.E 2522 (1979) of Ministry of Interior and Factory Act, B.E 2535 (1992)
of Ministry of Industry (Energy Regulatory Commission, 2014). Drawing conclusions
from CoP regulations which are not directly related to solar energy site selection is not
easy or consistent. When considering the details of the CoP with respect to site selection
for a commercial ground-mounted solar PV power plant, there is only the restriction of
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not having permission to construct solar PV power plant in sensitive and protected
conservative areas. However, there is not a rule for the specific buffer zone to protect the
sensitive and protected conservative areas.
Selecting sites for ground-mounted solar PV power plants near sensitive and
protected conservative areas can have impacts on humans, ecological systems and
biological diversity. Three areas: national parks, national forests and water sources
(i.e.wetlands, irrigation sources, lakes and reservoirs) are defined as sensitive and
protected conservative areas in this study. The landscape alteration due to solar energy
development can also impact the aesthetics and vision (Chiabrando, Fabrizio, & Garnero,
2009; Rodrigues, Montañés, & Fueyo, 2010; Torres-Sibille, Cloquell-Ballester, CloquellBallester, & Artacho Ramírez, 2009). Meanwhile the glare impact due to the reflection on
the surface of modules has been reported to temporarily reduce visibility of humans
(Chiabrando, Fabrizio, & Garnero, 2011).
On the other hand, ground-mounted solar PV power plants might experience
negative effects from being sited close to national forests and national parks. The
excretion of birds and leaves landing on the solar modules can cause a reduction in the
output efficiency as well as an increase in the burden of cleaning costs of solar modules
(Maghami et al., 2016; Piyatadsananon, 2016). Additionally, rats and rodents could
potentially bite the cables on the sites, (Piyatadsananon, 2016) although the risks of these
disruptions from conservation areas are not exceptionally well known.
Buffer zones between the solar installation and the protected conservation areas
can reduce the aforementioned impacts. However, imposing a buffer for the sensitive and
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protected conservative areas might impact the areas available for solar energy
development, because a higher buffer distance might decrease the environmental and
maintenance impacts, but may also decrease the areas available for solar energy
development. To develop solar energy on the sustainable scale, the buffer distances for
each protected conservative area should aim for maximum solar energy generation and
minimum environmental impact. The key purpose of this paper is to evaluate and present
the suitable buffer distance of sensitive and protected conservative areas applicable for
ground-mounted solar PV development in Thailand using GIS. The results of this
research will serve as the recommendation guideline for ground-mounted solar PV site
selection for the Thai government in the future.

Methodology
This study uses GIS to first calculate a baseline total suitable area for PV
installation on abandoned land in Thailand. A new method to create buffers around the
perimeter of ground mounted solar installations was developed and compared to the more
computationally intensive ArcGIS buffer toolkit. Various buffer distances were evaluated
(1,331 different cases) to determine the most appropriate buffer distance.

Calculating the Baseline Total Area Suitable for PV
The total area suitable for ground-mounted solar PV power development can be
estimated by using the kilowatt power peak per total area required and the specific yield.
The total area for solar energy development, solar installable capacity and solar energy
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generation are directly related (as shown in Equation SI-4.1 and 4.2 of the supplementary
information in Appendix B). The peak kilowatt power per total area2 and the average
specific yield for Thailand provided by Department of Energy Development and
Efficiency (DEDE) are 0.0625 kWp/m2 and 1,387 kWh/kWp/year, respectively. The total
area suitable for ground-mounted solar power generation is evaluated and estimated using
GIS based on all necessary factors and constraints, excluding the buffer zone for sensitive
and protected conservative areas, hereafter called “the area baseline”. The factors and
constraints that are considered in GIS to estimate the area baseline are shown in Table
4.1. The GIS shapefiles with data identifying the types of lands summarized in Table 4.1
were obtained from Land Use Evaluation Section, Land Development Department of
Thailand (Land Use Evaluation Section, 2014). Therefore, the area baseline is the area
available to develop ground-mounted solar with the impacts of the factors and constraints
presented in Table 4.1. However, the solar area baseline does not yet consider the impacts
of creating the buffer zone for national parks, national forests and water sources (i.e.,
wetlands, irrigation sources, lake and reservoirs) defined as the sensitive and protected
conservative areas in this study. The areas included in the sensitive and protected
conservative areas are not included while estimating the total area baseline.

2

The average kilowatt power peak per total area provided by ADB’s study for Thailand is about 0.06 kW p/m2
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Table 4.1: The Factors and Constraints Considered for Estimating the Solar Area
Baseline in ArcGIS
Environmental Factors and constraints
- Abandoned Area and the areas with human induced changes
(such as farmland, industrial land, existing transportation and
transmission corridors)
- Locations on legally restricted and protected areas such as
national parks, national forests, water sources are not selected.
- Buffer distance for residential areas, utilities, transportations,
temples, institutions, schools, and governmental buildings
Economic Factors and constraints
- Buffer for roads
- Slope: the specific factor for only solar farms

Ground-mounted
solar PV
Yes
Yes
500 meters
Ground-mounted
solar PV
100 meters
0-3%

The average solar irradiation of Thailand is 5.0 kWh/m2, which is considered
effective for solar energy development (Arnette & Zobel, 2011). Therefore, solar
irradiation is not a constraint for this study. A slope of 0 to 3% is optimal for the location
of a ground-mounted solar (Aydin et al., 2013; Uyan, 2013). Digital elevation models
(DEMs) developed by the U.S. Geological Survey (USGS) were applied as analytic tools
with ArcGIS to create the slope surface map of Thailand. For this study, DEMs with the
highest-resolution (30 x 30 meters) topographic data from NASA’s Shuttle Radar
Topography Mission (SRTM) released in late 2015 were used.

Buffer Distance for Solar Development
The primary mitigation to protect the sensitive and protected areas such as
national parks, water resources, and forests from solar energy development is not to allow
construction in these areas. However, it is also important to develop solar for clean
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energy production. To enhance protection of these areas, animals residing there, and
increase the security of solar modules and other infrastructure associated with them, a
buffer can be employed, which is an undisturbed area between the solar installation and
the protected area. Several studies have applied buffer distance for all areas that required
protection (Watson & Hudson, 2015; Uyan, 2013). The methodology for buffer creation
is different among studies. Aydin recommended solar energy development on the forest
areas provided that it met the conditions required by governmental agencies; whereas
lakes, wetlands and coastlines (or rivers) required the buffer distance of 2,500, 2,500, and
100 meters, respectively (Aydin et al., 2013). Table SI-4.1 in the supplementary
information in Appendix B indicates the mitigation determinations for sensitive and
protected conservative areas used to evaluate areas and sites for solar energy
development from international studies.
Most factors and constraints, determined in this study are referenced from
international studies due to the lack of available data for Thailand. The abandoned areas
and the areas with human induced changes (such as farmland, industrial land, existing
transportation and transmission corridors) are recommended for ground-mounted solar
PV development (World Bank Group, 2015). The Land Development Department of
Thailand has classified abandoned areas into various categories: 1) abandoned village 2)
abandoned factory 3) abandoned unspecified area 4) abandoned paddy field 5) abandoned
field crop 6) brush fallow 7) abandoned aqua cultural land and 8) abandoned mine and pit
(Land Use Evaluation Section, n.d). Thailand does not have established buffer distance
for preserved areas for solar farm development. It is important to know that the buffer
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distance depends on the sensitivity of those preserved areas. For example, buffer distance
for roads is 100 meters (Uyan, 2013); while, the buffer distance for residential areas is
specified as 500 meters (Uyan, 2013; Watson & Hudson, 2015).
The spatial datasets required to evaluate the suitable buffer distance of sensitive
and protected conservative areas in this study should be in the format of raster datasets.
The cell sizes of raster datasets need to be 30x30 meters based on the same highresolution of DEMs used to create the slope surface layer. This study focused on national
parks, national forests and water sources to evaluate the suitable buffer distance for
ground mounted solar development in Thailand because these areas have important
ecological systems and biological diversity that deserves protection. The buffer distances
applied in this study were varied starting from 500 meters to 1,500 meters in increments
of 100 meters in order to evaluate the optimal distance of buffer. Therefore, the total
number of case studies for the variation of buffer distances for the three areas equals
1,331 and is shown in Figure 4.1.
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Abandoned areas are considered as the suitable
areas for solar energy development

Areas on the legally restricted and protected areas such national parks,
national forests and water sources are not considered for solar energy
development

Slope
0-3%
Buffer of roads 100 meters
Buffer of residential area 500 meters

Buffer of infrastructures and transportation 500 meters
500

600

700

800

900

1000

1100

1200

1300

1400

1500

Buffer of water resources

500…1500 500…1500 500…1500 500…1500 500…1500 500…1500 500…1500 500…1500 500…1500 500…1500 500…1500 Buffer of national forests
500…1500 500…1500 500…1500 500…1500 500…1500 500…1500 500…1500 500…1500 500…1500 500…1500 500…1500 Buffer of national parks
The number of cases: 1,331 cases
500…1500 by incremental every 100
500…1500 by incremental every 100

Figure 4.1 Case Studies for the Buffer Distance Evaluation

The buffer distances for national parks, national forests and water sources in each
case and the area baseline were evaluated using GIS to estimate the total area suitable for
solar energy development. It is important to note that the criteria to decide which case
studies should be accepted should not be less than 96,000,000 square meters, which is the
area requirement for the AEDP 2015 achievement.

Buffer Creation
There are two main concepts used to create and vary the buffer distances for
national parks, national forests and water sources: 1) the use of Euclidean distances and
2) the use of grid codes.
Concept 1) In ArcGIS, the Euclidean distance tool and reclassify tool creates a
new map layer represented as multiple ring buffers similar to donuts around the required
features. The ranges of Euclidean distances can be reclassified according to the ranges of
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buffer distances required by using the reclassify tool. The new map layers are the raster
type, while the multiple ring buffer layer using the direct multiple ring buffer tool is
vector type. Figure 4.2 illustrates the use of direct method (multiple ring buffer tool) and
Euclidean distance to create the map layer of multiple ring buffers. Figure 4.3
demonstrates the overlay of map layer created by using multiple ring buffer tool and the
map layer created by using the Euclidean distance tool with reclassify tool. The overlay
in Figure 4.3 indicates that both the techniques (Euclidean with reclassify and multiple
ring buffer tool) has close proximity.

A)

B)

Figure 4.2: A) Use of Multiple Ring Buffer Tool to Create the Buffer on Different
Distances B) Use of Euclidean Distance Tool along with Reclassify Tool to
Create a New Map Layer Representative as Multiple Ring Buffer on the
Different Distances as Same

Figure 4.3: The Overlay of Map Layer Created by Using Multiple Ring Buffer Tool on
the Map Layer Created by Using the Euclidean Distance Tool Working
Together with the Reclassify Tool
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Concept 2) After the new ranges of Euclidean distances are classified according to
the ranges of buffer distances, (Figure SI-4.1a and 4.1b in the supplementary information
of Appendix B) ArcGIS required new values to be specified with one number
representative of all cells contained in one new range of Euclidean distance (Figure SI4.1b and 4.1c in the supplementary information of Appendix B). The buffer distances of
protected areas were varied, starting from 500 meters in increments of 100 meters up to
1500 meters. These ranges were categorized into two sets to help specify and translate
grid codes easier. The first set was the buffer distance from 500 meters to 900 meters in
increments of 100 meters. The second set was the buffer distance from 1,000 meters to
1,500 meters also in increments of 100. Figure 4.4 shows an example of the Euclidean
distances classified by grid code; each cell in Figure 4.4a is a grid code. The value of the
cell with the number of 100 is the representative of all cells contained in the boundary of
buffer distance of 500 meters; whereas all cells contained in the boundary of buffer
distance between 500 meters to 600 meters given a grid code of 200 and so on. The
different number given for cells is hereafter called “grid code”.
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100

cells containing in the boundary of buffer distance ≤ 500
meters specified the grid code of 100

200

cells containing in the boundary of buffer distance between
500 to 600 meters specified the grid code of 200

300

cells containing in the boundary of buffer distance between
600 to 700 meters specified the grid code of 300

400

cells containing in the boundary of buffer distance between
700 to 800 meters specified the grid code of 400

500

cells containing in the boundary of buffer distance between
800 to 900 meters specified the grid code of 500

600

cells containing in the boundary of buffer distance between ≥
900 meters specified the grid code of 600

600 600 600 500 500 500 500 500 500 500 500 500 500 500 500 600
600 600 500 500 500 400 400 400 400 400 400 400 400 400 500 500
500 500 500 400 400 400 300 300 300 300 300 300 300 400 400 500
500 500 400 400 400 300 300 300 200 200 200 300 300 300 400 400
400 400 400 300 300 300 200 200 200 200 200 200 200 300 300 300
400 400 300 300 200 200 200 100 100 100 100 100 200 200 200 300
300 300 300 200 200 100 100 100 100 100 100 100 100 100 200 200
300 300 200 200 100 100 100 100 100 100 100 100 100 100 100 200
200 200 200 100 100 100 100 100 100 100 100 100 100 100 100 100

A)
b)

B)
Figure 4.4: Concept 2: the Use of Grid Codes to Establish and Vary Buffer Distances by
A) Shows an Example of the Grid Codes Associated with B) the Varying
Euclidean Buffer Distances
Evaluating the Suitable Buffer Distance for National Parks, National Forests and Water
Sources
There are three main steps to evaluate the suitable buffer distance for national
parks, national forests and water sources for ground-mounted solar PV development in
Thailand: 1) Layer preparation and grid code specification, 2) Raster calculation and grid
code translation, 3) Estimation of total area suitable for ground-mounted solar PV power
development.
Step 1) Layer preparation and grid code specification: Two main layers were
prepared: (i) the solar area baseline layer and (ii) buffer distance map layers of sensitive
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and protected conservative areas (e.g., national parks, national forests and water sources).
The map layer of the area baseline is in the format of vector type comprising with
polygon features. It has to be converted from the vector type to raster type as raster type
is required to assign grid codes to represent buffers. Before the conversion process, a
field named “grid code” needs to be created for polygon dataset. Then, the grid code of
polygon dataset is given the value of 0. This is the preliminary process of specifying grid
code for the area baseline. In the process of converting to raster type, the value field
applied should be the value field of the grid code. Finally, the conversion result provides
all cells in the raster map layer of area baseline specified by the grid code value “0”.
Buffer distances for national parks, national forests and water sources were
created using concept 1 and 2. Creating the buffer distances by using this technique
requires to the separation of the ranges of the buffer distances by two sets to help
specifying and translating grid code easier stated in the previous. The first set is the
buffer distances from 500 to 900 meters in increments of 100 meters. Another set is the
buffer distances from 1000 to 1500 meters with the same increment. The buffer distances
created by using this technique of the study on the map layer of national parks, national
forests and water sources consist of one layer of buffer distance ranges of 0-500 (exclude
this range due to starting the buffer zone at 500 meters), 500-600, 600-700, 700-800, 800900 and more than 900 meters and another set of ranges, 0-1000 (not count this range due
to the buffer more than 900 meters considered; thus starting at 1,000-1,100), 1,000-1,100,
1,100-1,200, 1,200-1,300, 1,300-1,400, 1,400-1,500 and more than 1,500 meters. To
make more understanding, Figure SI-4.2 and Figure SI-4.3 in the supplementary
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information of Appendix B indicate to classify two sets of this method and to specify grid
code for this study, respectively. Finally, after using this technique to create the buffer
distance and specify the grid code, the map layers of buffer distances are given a grid
code of 6 along with one area baseline layer prepared for evaluation.
Then, algebra analysis of the map layers was performed by using raster
calculation tools. Specifying grid code is the technique to specify number to the map
layers aforementioned. The singles digit represents of wetlands; the ten digit represents
National forests; and the hundred digit represents of National Parks. The numbers, 1
through 9 (1, 2, 3,…,9) represents buffer distance boundary. Figure SI-4.4 in the
supplementary information of Appendix B shows how grid codes were determined in
each range of buffer distance on each map layer.
Step 2) Raster calculation and grid code translation: When all the grid codes on
the cells of raster map layers were specified, the raster calculation in map algebra was
applied. The grid code value in raster cells in the similar positions were summed. The
result of using raster calculation indicate the position of cells that are suitable for solar
development. To raise the sample of estimating the total area suitable for solar energy
development, the buffer distance for national parks, national forests, and water sources
were considered to be 500, 700 and 600 meters, respectively.
Therefore, cells meeting the conditions above in the grid code such as grid code
of 243, 266, 343, 356, 456, 543 and so on are summed. The total number of cells after
summation indicate the total area suitable for solar energy development in each case
study. For example grid codes 132, 332, 662, and 431 were not accepted because they do
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not meet to the conditions (Figure SI-4.4 in the supplementary information of the
Appendix B).
Step 3) Estimation of total area suitable for ground-mounted solar PV power
development: Since the cell size of the raster type in this study is equal to 30 x 30 meters,
the total area can be calculated by multiplying the amount of cells to the cell size (30 x 30
meters). Steps used to evaluate the suitable buffer distance for national parks, national
forests, and water sources in Thailand is illustrated by the flow chart in Figure 4.5.
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Figure 4.5: Process Flow for Evaluating the Suitable Buffer Distance for Ground Mounted Solar in Thailand by Using ArcGIS
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Results and Discussions
The total area for solar energy development, after considering all factors and constraints
such as buffer for sensitive and protected conservative areas, must be not less than 96,000,000
square meters, which is the area requirement for the AEDP 2015 achievement. Meanwhile, the
initial area baseline used to evaluate solar installations in Thailand was approximately
96,830,100 m2. Of the 1,331 case studies that were created to study the effect of buffers for the
three conservation areas, only 35 buffer case studies meet the criteria set forth herein. Table SI4.2 in the supplementary information of Appendix B showed the results of 35 case studies
meeting the criteria.
However, the key point is not only to reach the AEDP 2015 target but also to further
promote solar energy development in Thailand. The higher the suitable area, the greater the
opportunity for solar energy development. One of the important result derived from this study is
to understand the influence of buffer distance of three protected conservative areas on the total
area for solar energy development. The effect of buffer distance for the three protected
conservation areas sorted from highest to the lowest were: buffer of water sources, buffer of
national forests, and buffer of national parks. This study also investigated the influence of the
buffer distances of the three conservation areas by varying their boundary. The buffer distance of
one protected conservation area was varied starting from 500 meters in increments of 100 meters
while keeping others conservation areas constant (Shown in Figure 4.6). While increasing the
buffer distance for national parks and holding the buffer distance the others constant, the total
area did not changed until the buffer distance was 900 meters. The area reduced at a small rate of
0.03% (the blue line in Figure 4.6) post 1000 meters buffer distance. Similarly, the total area for
national forests did not change until the buffer distance was 900 meters. The area reduced (the
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yellow line in Figure 4.6) at much smaller rate (0.09%) past the 1000 meter buffer distance.
Likewise, changing the buffer distance for water sources while holding the others constant also
did not showed any change in the total area until the buffer distance of 600 meters. With the
increase in buffer distance past 700 meters, the total area reduced by 0.2% (the green line in
Figure 4.6). This result showed that buffers for water sources are more sensitive to solar
development than natural parks and national forests.

Figure 4.6: Effect of Increasing Buffer Distance on Total Area (NF = National Forest, NP =
National Park, WS = Water Sources)
Though there were 35 case studies which met the criteria developed in this study, only
four case studies were recommended by this study. The 31 cases were screened out because
increasing the buffer distance is still accepted with the total area baseline changing not much;
meanwhile we can accept the buffer distance higher. To develop ground mounted PV on the
sustainable scale in Thailand, the buffer distances for each sensitive and protected conservative
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areas should be considered with maximum solar energy generation and least environmental
impact. Therefore, all four case studies were selected by considering the largest possible buffer
distance of each area and the least effect on the total area for solar energy development as shown
in Table 4.2.

Table 4.2: The Four Buffer Scenarios Recommended by This Study (NF = National Forest, NP =
National Park, WS = Water Sources)

Case
1
2
3
4

The buffer distance for protected
conservative areas (m)
NPs
NFs
WSs
900
1,000
1,100
1,200

900
1,000
1,000
900

600
1,000
1,000
900

The total area for
solar installations
(m2)

% total area
baseline
reduction

96,830,100
96,537,600
96,199,200
96,047,100

0
-0.30
-0.65
-0.81

Case 1 results in the largest buffer distances that do not have any effect on the total area
baseline. Meanwhile, Case 2 presented the maximum buffer distances for three areas with buffer
distance of 1000 meters. Case 3 put more emphasis on national parks with higher buffer distance
than Case 2. However, the total area in Case 3, was less than Case 2 but with marginal
difference. Finally, the buffer distance of national parks in Case 4 was increased to 1200 meters,
while the buffer distances of the other two areas were kept constant at 900 meters. The total area
of Case 4 was further reduced to 96,047,100 m2. Figure 7 shows buffer distances created on the
map layers of a) national parks b) national forests and c) water sources, respectively.
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a)

The buffer of national parks

b)

The buffer of national forests

c)
The buffer of water sources

Figure 4.7: Buffer Distances Created on the Map Layers of A) National Parks B) National
Forests and C) Water Sources
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This study also compared the buffer distances of sensitive and protected conservation
areas with other countries for purposes of validation. The study of Uyan recommended the buffer
distance of 500 meters for sensitive areas for solar farm site selection in the Karapinar region,
Turkey (Uyan, 2013). Meanwhile Watson and Hudson used GIS to create the buffer distance of
1,000 meters to protect the important areas, especially sensitive areas such as wildlife
designations and national parks (Watson & Hudson, 2015). The buffer distances recommended
by this study were similar to Watson and Hudson’s study.

Methodology Verification
The use of the buffer tool and multiple buffer rings in ArcGIS is the typical method to
create a buffer zone around the areas or features required. The ArcGIS buffer tool is often
utilized to create a buffer for one buffer distance; meanwhile multiple buffer rings can create
several buffer distances at one time. A new technique was created in this study to improve
computational time. The new method developed herein was compared to the traditional ArcGIS
buffer tool method based on the estimated total area suitable for solar energy development. This
comparison was conducted for 10 of the 1,331 case studies. These 10 cases were randomized to
provide the methodology verification. The total areas of all cases, resulting from using the
technique of this study, were found to be less than using the ArcGIS buffer tools (Table 3).
Therefore, the buffer distances of sensitive and protected conservative areas by using the
technique developed for this study was accepted as equivalent to accepted ArcGIS buffer tools.
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Table 4.3: Comparison of Standard ArcGIS Buffer Tools and the Buffer Method Created in This
Study (NP = National Park, NF = National Forest, WS = Water Sources)
The buffer distance of each
protected conservative area

Total area for ground-mounted solar PV development (m2)

(meters)

NP

NF

WS

Result from
ArcGIS buffer tool

Results from buffer
technique developed

%difference

herein

0

0

0

97,506,946*

96,830,100*

-0.69

500

500

500

97,446,488

96,830,100

-0.63

1,000

1,000

1,000

97,244,752

96,537,600

-0.72

900

600

700

97,451,786

96,825,600

-0.64

700

900

900

97,496,459

96,815,700

-0.70

1,000

700

1,000

97,146,329

96,613,200

-0.55

1,000

1,100

1,000

95,350,632

94,891,500

-0.48

1,100

1,100

1,100

84,607,226

84,053,700

-0.66

800

1,500

1,500

43,345,471

43,094,700

-0.58

1,500

1,500

1,500

42,658,480

42,382,800

-0.60

*total area baseline
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Conclusion
The key purpose of this paper was to evaluate and recommend suitable buffer distances
for national parks, national forests, and water sources for ground-mounted solar photovoltaic
(PV) development in Thailand. Apart from ecological system and biological diversity concerns,
which are the most significant issue raised for solar energy development, when considering the
code of practice (CoP) of solar energy site selection provided by Energy regulatory Commission
(ERC), Thailand does not have any specific policies related to buffer distances that might protect
sensitive and protected conservation areas. Of the 1,331 case studies that were created to study
the effect of buffers for the three conservation areas, only 35 buffer case studies meet the criteria
set forth herein, which were further screened into the top four scenarios. The most promising
scenario included a buffer of 900m for national parks, 900m for national forests, and 600m for
water sources. The total installable solar area for the most promising scenario was 96,830,100m2.

84

CHAPTER 5
CONCLUSION OF THE DISSERTATION

My scholarship was supported by Royal Thai government under the research topic
relative to energy development and management. My dissertation is “Sustainable Solar Energy
Development in Thailand”. This topic is of direct interest of the Royal Thai government. The
research was created not only by my interest in this field but also is supported by the Thai
government scholarship since it directly benefits stakeholders such as investors, local people.
Thai governmental organizations, and state enterprises.
The research was presented by starting reviewing the current energy situation and
investigating the possibility of solar energy development in Thailand. The most energy
consumption in generating electricity depends on the domestic natural gas production and still
has import due to the rapidly increasing economic growth. This research needs to reduce the
burden of the domestic natural gas production and energy import by developing solar energy as
the clean energy covering the entire electrical energy production expected by the year 2036
based on the Power Development Plan 2015 of Thailand. In the preliminary of investigate the
possibility of solar energy development, Thailand has abandoned area sufficient to develop solar
energy to supply the entire electrical energy production of the country. Then, the research deeply
analysis to the technology suitable for solar energy development in Thailand between
concentrated solar power (CSP) technology and solar photovoltaic (PV) technology. After PV
technology was evaluated to the suitability for Thailand, GIS then was used to evaluate the
appropriately geographic locations. The result was presented to the potential of total installed
solar power capacity of total locations by the regional levels. There was the possibility of

85

achievement of solar energy policy by the year 2036. Finally, the research was focused on
reducing the main impact of solar energy development on ecological systems and biological
diversity by discovering the suitable buffer distance of conservation areas such as national parks,
national forests and water sources. The expectation of the buffer distance determination is not
only to recommend the suitable buffer distance to Thai government, but it is also required to
develop this research as the guideline of solar site selection in the future Thailand.
As aforementioned, the research was developed enable to support stakeholders.
Convincing investors to invest in the solar power plant is the key promotion of solar energy
development in Thailand. The initial barrier of investors is the site selection problem. This
research directly supports investor’s decision for the suitable site selection easier. The buffer
distance for residential areas is applied in this research to reduce the impact from solar
development on the local people. Therefore, solar energy development projects on locations
based on the result of this research are not only the friendly local people, but those projects also
support the electricity usage from a clean energy for local people. There are four main
organizations that have important roles in solar energy development in Thailand. Energy
Regulatory Commission (ERC) that has the responsibility of regulation enforcement regarding
energy can apply the suitable buffer study for the guideline of ground-mounted solar power site
selection. Meanwhile Energy Policy and Planning Office (EPPO) can use the potential of solar
energy provided by regions from this study in determining the suitable solar energy policy and
planning in the future. One purpose of this research is to evaluate and identify the suited groundmounted solar energy locations to promote the solar energy development in Thailand and this is
the main duty of Department of Alternative Energy Development and Efficiency (DEDE). The
result indicating the potential areas for solar energy development by regions can help Electricity
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Generating Authority of Thailand (EGAT) in planning and improving the transmission system in
the future.
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Appendix A

600,000

190,000

550,000

180,000

500,000

170,000

450,000

160,000

400,000

150,000

350,000

140,000

300,000
250,000
200,000

Natural gas import (cu.ft)

130,000

Electricity consumption (GWh)

120,000
110,000

150,000
100,000

Year
2011

2012

2013

2014

2015

Natural gas import (cu.ft)

397,154

405,786

427,233

399,575

539,706

Electricity consumption (GWh)

148,700

161,750

164,323

168,656

181,377

Electricity consumption (GWh)

Natural gas import (cu.ft)

Supplementary Information: Chapter 3

100,000

Figure SI-3.1: The Relationship between Electricity Consumption and Natural Gas Import in
Thailand (2011-2015) (Department of Alternative Energy Development and
Efficiency, 2015b)
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Figure SI-3.2: The Average Solar Irradiation Map of Thailand (2009) (Department of Alternative
Energy Development and Efficiency, n.d.b)
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Cell

1

0

0

0

0

0

0

1

1

Digital elevation models (DEMs)

Map layer output: slope surface layer
(raster spatial dataset)

Figure SI-3.3: The Sample Map Layer Output of Rater Spatial Database

1

0

0

0

0

0

0

1

1

The conversion from raster layer
to vector layer (Polygon)

2 cells = 2 * 900 = 1800 m2
Figure SI-3.4: The Conversion from Raster Layer to Vector Layer in the Type of Polygons along
with the Area Estimation
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Figure SI-3.5: The Existing Ground-Mounted Solar Power Locations Based on All Technologies
in Thailand by ERC Database (Energy Regulatory Commission, 2016)
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Table SI-3.1: The Comparative Projected Levelized Cost of Electricity (LCOE) for PV
Technology and CSP Technology (or Solar Thermal Electricity)
USD/MWh
Utility-scale PV
(Large scale)
CSP with storage

2013-2015

2020

2030

2040

2050

Average

177

133

81

68

54

Average

168

130

98

77

71

Based on 8% discount rates
(International Energy Agency, 2014b; International Energy Agency, 2014c)

Table SI-3.2: The Determination of FIT and Adders for the Ground-Mounted Solar Development
in Thailand from 2007 to Current
2007

2010

Years

adder rate

adder rate

supported

2014

2015

Feed-in tariffs

Feed-in

Years

Feed-in

Years

(THB/kWh)

tariffs

supported

tariffs

supported

(THB/kWh)
3

25

Adders (THB/kWh)

Years
supported

8*

6.50*

9.75

(THB/kWh)
for year

5.66

25

1-3
6.5

for year
5-10

10
4.50

for year
11-25

* Special adder for diesel replacement of 1THB/kWh and Special adder for three southern
provinces of 1.5 THB/kWh
(International Energy Agency, 2014a; Department of Alternative Energy Development and
Efficiency, 2015c; Department of Alternative Energy Development and Efficiency, n.d.d)
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Table SI-3.3: The Number of Ground-Mounted Solar Power Projects Classified by the Ranges of
Installed Solar Power Capacity
The installed solar power

The number of projects

capacity (MWp)
< 1 MWp

1

> 1 – 10 MWp

381*

> 10 – 20 MWp

23

> 20 – 50 MWp

2

> 50 MWp

5

Total

412

*

Include the ground-mounted solar power project using CSP technology that has the installed
solar power capacity of 5 MWp
(Energy Regulatory Commission, 2016)
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Appendix B
Supplementary Information: Chapter 4

Equation SI-4.1:
The installable capacity (kWp)
= The total area (m2) * The kilowatt power peak per total area (kWp/m2)
Equation SI-4.2:
The solar energy generation (kWh/year)
= The installable capacity (kWp) * specific yield (kWh/kWp/year)
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A)

B)

C)

Figure SI-4.1: A) Classifying the New Ranges of Euclidean Distances According to the Buffer
Distances Required B) Specify the New Values Representative as Those Ranges
of Euclidean Distances Reclassified C) The Ranges of Euclidean Distances
Reclassified According to the Buffer Distances and Specified by New Values
Called Grid Code in This Study
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Set 1

Set 2

The buffer distance varied
from 500 to 1500 meters

Figure SI-4.2: Explanation of Two Buffer Distance Sets
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Figure SI-4.3: Technique in Specifying Code in Raster Reclassification
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Figure SI-4.4: The Sample of the Raster Calculation and Grid Code Translation

99

Table SI-4.1: The Mitigation Determinations for Sensitive and Protected
Conservative Areas for Solar Energy Development from
International Studies
Description
Using GIS for solar farm site
selection in Karapinar region,
Konya/Turkey
 River, lakes, wetlands and
dams
 Protection areas (e.g.,
archeological sites, forest
land, wildlife protection
areas,
biologically
significant
areas
and
environmental protection
area)

Restriction

-Determine the
distance 500 m.
-Determine the
distance 500 m.

Reference
(Uyan, 2013)
buffer
buffer

Using GIS-assisted multicriteria to evaluate the
regional scale wind farm and
solar farm in the south coast
of the UK
The wind farms and solar
farm used the same criteria;
 Historically
important -Determine the buffer
areas (e.g., UNESCO distance 1000 m.
World Heritage sites,
battlefields, and national
monuments)
 Wildlife designations
 National parks and areas

-Determine the buffer
distance 1000 m.
-Determine the buffer
distance 1000 m.
Note: The buffer
distances of this study
adopted from Baban and
Parry (2001)
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(Watson &
Hudson, 2015)

Description
Restriction
Using
GIS
for
hybrid
renewable
energy
site
selection (wind energy and
solar energy) in western
Turkey
For solar energy development; -Allowed to build on the
 Natural reserves such as forest areas based on the
necessity condition of
forest areas
solar energy development
on those area.
-The construction have to
realize to harmonize with
nature
-Determine the buffer
 Lakes and wetlands
distance at least 2500 m.
-The distance away from
 Coastline or river
the coastline no less than
100 m.
Evaluating the wind and solar
potential and suitable areas for
wind and solar farm in
Colorado by using GIS
For solar energy development;
-Not allowed the solar
 The
taller
vegetation
energy site to locate on
juniper
or
ponderosa
an protection areas
woodlands) or wetlands
-Buffer or restricted
 Pine, subalpine, and aspen
zone not included for
forests
sensitive
and
conservative areas in
the study.
Analysis
the
renewable
energy potential in the greater
southern
Appalachian
mountains (e.g., wind, solar
energy and biomass) by using
GIS
For wind, solar energy and
biomass used in the same
criteria;
 The conservative areas for -Not allowed the solar
solar energy development energy site to locate on
an conservative areas
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Reference
(Aydin et al.,
2013)

(Janke, 2010)

(Arnette &
Zobel, 2011)

Description
Using
GIS
multi-criteria
decision analysis to evaluate
the wind and solar (PV and
CSP) energies for utility-scale
in Afghanistan
For wind turbine and solar
energy (PV and CSP)
development used in the same
criteria;
 Large
hills
or
big
mountains
 Protected areas and lakes
 Marshlands or wetlands
 Irrigated land
 Natural and degenerate
forest
 Fruit
trees,
gardens,
vineyards, pistachio forest

Restriction
-Buffer or restricted zone
not included in the study.

Reference
(Anwarzai &
Nagasaka,
2017)

-Not allowed the solar
energy site to locate on
these areas
-Buffer or restricted
zone not included for
sensitive
and
conservative areas in
the study.

Table SI-4.2: The Results of 35 Case Studies Meeting to Such the Criteria
(NP = National Parks, NF = National Forests, WS = Water
Sources)
The buffer distances for
protected conservative areas
(m)
NP
NF
WS
0
0
0
900
900
600
900
900
700
900
900
800
900
900
900
1000
900
600
1000
900
700
1000
900
800
1000
900
900
900
1000
600
900
1000
700

The final total
abandoned area (m2)
96830100
96830100
96825600
96820200
96815700
96805800
96801300
96795900
96791400
96746400
96741900
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% total area
baseline
reduction
(raster type)
0
0
-0.004647315
-0.010224094
-0.014871409
-0.025095502
-0.029742818
-0.035319596
-0.039966911
-0.086440064
-0.091087379

The buffer distances for
protected conservative areas
(m)
NP
NF
WS
900
1000
800
900
1000
900
1000
1000
600
1000
1000
700
1000
1000
800
1000
1000
900
900
900
1000
1000
900
1000
900
1000
1000
1000
1000
1000
1100
900
600
1100
900
700
1100
900
800
1100
900
900
1100
1000
600
1100
1000
700
1100
1000
800
1100
1000
900
1100
900
1000
1100
1000
1000
1200
900
600
1200
900
700
1200
900
800
1200
900
900

The final total
abandoned area (m2)
96736500
96732000
96723000
96718500
96713100
96708600
96637500
96613200
96553800
96537600
96462900
96458400
96453000
96448500
96384600
96380100
96374700
96370200
96270300
96199200
96061500
96057000
96051600
96047100
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% total area
baseline
reduction
(raster type)
-0.096664157
-0.101311472
-0.110606103
-0.115253418
-0.120830196
-0.125477512
-0.198905093
-0.224000595
-0.285345156
-0.302075491
-0.379220924
-0.383868239
-0.389445018
-0.394092333
-0.460084209
-0.464731525
-0.470308303
-0.474955618
-0.578126017
-0.651553597
-0.793761444
-0.798408759
-0.803985538
-0.808632853
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